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Resume 
Identification et caracterisation des determinants moleculaires permettant l'assemblage 
des canaux TRPCs 
par 
Pascale Lepage 
These presentee a la Faculte de medecine et des sciences de la sante 
en vue de l'obtention du grade de 
philosophiae doctor (Ph.D.) en pharmacologic 
Le Ca2+ joue un role majeur dans la regulation de processus physiologiques et 
biochimiques de l'organisme. Chez les cellules non-excitables, les canaux TRPCs 
(« transient receptor potential canonical ») sont impliques dans l'influx de Ca2+ a travers 
la membrane plasmique. Au debut de mes etudes graduees en 2002, les determinants 
moleculaires qui permettent l'assemblage des canaux TRPC n'etaient pas connus. Le but 
de la presente etude est d'identifier ces determinants moleculaires chez les TRPCs et de 
determiner leur importance dans la tetramerisation du canal. 
Pour ce faire, nous avons utilise l'approche des proteines chimeriques. Nous avons utilise 
TRPC4 et TRPC6 pour generer les proteines chimeriques en echangeant les differents 
domaines de TRPC4 avec les memes regions dans TRPC6. Ces deux TRPCs 
appartiennent a des sous-families differentes et par consequent, ils ne forment pas de 
canaux ensemble. La premiere partie de l'etude demontre que TRPC4 co-
immunoprecipite avec la chimere qui contient les domaines de l'ankyrine et du coiled-coil 
de TRPC4 introduits dans TRPC6. Ce premier domaine d'assemblage, nomme AD1, 
comprend done le N-terminal de TRPC4. La methode du GST pull-down a permis de 
diminuer AD1 a deux domaines d'interaction qui contiennent la troisieme et quatrieme 
repetition de l'ankyrine et une region en aval du domaine coiled-coil. Un deuxieme 
domaine d'assemblage, nomme AD2, est compose de la region du pore et de la queue C-
terminale. Enfm, le N-terminal de TRPC4 ou 6 interagit avec son propre C-terminal. Ainsi 
les resultats demontrent qu'il existe deux domaines d'assemblage, AD1 et AD2, chez les 
TRPCs. 
Dans la deuxieme partie de l'etude, nous demontrons que le N-terminal de TRPC4 
s'associe avec lui-meme in cellulo pour former un tetramere. Cette association avec lui-
meme du N-terminal de TRPC4 se fait via le domaine de l'ankyrine et de la region en aval 
du domaine coiled-coil - les deux domaines d'interaction identifies en N-terminal. Des 
experiences de GST pull-down, de double-hybride et de dichroi'sme circulaire demontrent 
que ces deux domaines d'interaction s'associent avec eux-memes. Ces resultats suggerent 
que cette association avec eux-memes des deux domaines d'interaction participe a 
l'assemblage du canal tetramerique. Cette etude a permis d'identifier deux domaines, 
AD1 et AD2, permettant l'assemblage des canaux TRPC et de caracteriser comment AD1 
permet la tetramerisation du N-terminal de TRPC4. 
Mots cles : TRPC, calcium, domaines d'assemblage, interaction, tetramerisation. 
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Introduction 
La signalisation calcique 
La signalisation calcique est un phenomene important dans la cellule et joue un role au 
niveau de la transcription, la croissance cellulaire, la differentiation, la contraction et la 
secretion. Au niveau basal, le cytoplasme contient environ 100 nM de calcium (Ca2+) et le 
milieu extracellulaire ainsi que le reticulum endoplasmique (RE) contiennent chacun de 1 
a 2 raM de Ca2+ (Figure 1). Des pompes calciques ATP-dependantes et des echangeurs 
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contribuent a maintenir les niveaux intracellulaires de Ca au niveau basal. La pompe 
PMCA (« plasma membrane calcium ATPase ») et Pechangeur NCX (« sodium and 
calcium exchanger ») se situent a la membrane plasmique. La pompe PMCA sert a faire 
passer le Ca2+ du cytoplasme vers le milieu extracellulaire contre le gradient 
electrochimique du Ca2+. Pour ce faire, la pompe PMCA utilise l'energie obtenue par 
l'hydrolyse de 1'ATP. L'echangeur NCX effectue le transport actif du Ca du cytoplasme 
vers l'exterieur de la cellule. Pour ce faire, il utilise l'energie du gradient electrochimique 
du sodium en laissant entrer le sodium dans la cellule dans le sens de son gradient 
electrochimique en echange de faire sortir le Ca hors de la cellule. Au niveau du RE, il y 
a la pompe SERCA (« sarcoplasmic-endoplasmic reticulum calcium ATPase»). En 
utilisant l'energie obtenue lors de l'hydrolyse de l'ATP, la pompe SERCA transfere le 
Ca2+ du cytoplasme vers le RE. 
Dans le cas d'une augmentation due a un agoniste, l'elevation du Ca2+ intracellulaire se 
fait en deux phases. Tout d'abord, un agoniste se lie a son recepteur couple a une proteine 
Gq (GqPCR). Ceci provoque un changement de conformation de la proteine Gq et cause 
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Figure 1. Cascade de signalisation et influx calcique chez les 
cellules non-excitables. La liaison d'un agoniste a un GqPCR ou a un 
recepteur tyrosine kinase (RTK) enclenche la cascade menant a la 
relache de calcium du RE. Cela provoque un influx de calcium au 
niveau de la membrane plasmique. Ce phenomene est appele « store-
operated Ca2+ entry » (SOCE). Le mecanisme propose recemment 
impliqiie que STIM, situe au niveau de la membrane du RE, soit la 
proteine detectant la baisse du contenu en calcium du RE. Par un signal 
et un mecanisme encore mal compris, STIM activerait un complexe de 
proteines (complexe forme d'Orai et des TRPCs) et permettrait l'influx 
calcique membranaire. 
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une diminution de l'affinite du GDP pour la sous-unite aq. Le GTP peut alors Her la sous-
unite aq et entrainer la dissociation des sous-unites aq et py du complexe hormone-
recepteur. Les sous-unites aq-GTP et Py devenues actives vont interagir avec des 
proteines effectrices et initier leur action. La sous-unite aq active ensuite la phospholipase 
C (PLC) p. Une hormone peut aussi se lier a un recepteur tyrosine-kinase et causer 
l'autophosphorylation du recepteur. Ceci provoque le recrutement de la PLC y qui se lie 
aux tyrosines phosphorylees du recepteur. La PLC y est enfin phosphorylee et activee 
(Meisenhelder et al, 1989). Les PLCs activees vont hydrolyser le phosphatidylinositol 4, 
5-bisphosphate (PIP2) en inositol 1, 4, 5-trisphosphate (IP3) et en diacylglycerol (DAG). 
L'IP3 diffuse dans le cytoplasme pour se lier a son recepteur-canal sur le RE. L'ouverture 
du recepteur a FIP3 peut faire augmenter la concentration basale du Ca2+ dans le 
cytoplasme jusqu'a 500 nM. Cette augmentation de Ca intracellulaire provenant du PvE 
constitue la premiere phase de la mobilisation calcique. En absence de Ca2+ 
extracellulaire, les pompes SERCA, PMCA et l'echangeur NCX contribuent a abaisser les 
concentrations intracellulaires de Ca2+ au niveau basal. 
En presence de Ca2+ extracellulaire, une entree de Ca2+ a la membrane plasmique permet 
de maintenir une concentration intracellulaire elevee de Ca , constituant ainsi la 
deuxieme phase de la mobilisation calcique (Berridge et al, 1998 et 2000). Ceci permet 
1'activation ou la modulation de plusieurs proteines dans la cellule en plus de reconstituer 
les reserves de Ca2+ dans le RE. Les canaux calciques situes a la membrane plasmique 
peuvent etre actives par la stimulation d'un GPCR et ce independamment de la vidange du 
RE de son Ca2+. Dans ce cas, ces canaux sont nommes ROCs pour « receptor-operated 
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channels ». A l'inverse, les canaux calciques de la membrane plasmique etant actives par 
la depletion du RE de son Ca sont appelles SOCs pour « store-operated channels ». 
Origine des canaux TRP 
Chez l'oeil de la mouche a fruit Drosophila melanogaster, la phototransduction commence 
par une stimulation a la lumiere de la rhodopsine causant ainsi la photoisomerisation du 
retinal (Wang et Montell 2008). Ceci provoque l'activation de la rhodopsine qui 
accomplira ses effets via la proteine Gq et la PLC. Comme consequence, la cellule sera 
depolarisee via l'entree de Ca2+ par les canaux calciques situes a la membrane plasmique. 
Cela causera le developpement rapide d'un courant, suivi d'une transition vers un plateau 
soutenu a un niveau superieur de l'etat non stimule (Figure 2, gauche). Un mutant de l'un 
94-
de ces canaux causant l'absence d'entree de Ca a ete identifie : TRP (« transient receptor 
potential ») (Cosens et Manning, 1969; Hardie et Minke, 1995). Les TRPs sont ainsi 
nommes puisque dans les mutants trp de la drosophile, l'entree de Ca est transitoire lors 
d'expositions a la lumiere (Minke et al, 1975). Suite au stimulus lumineux, le plateau 
soutenu present chez la drosophile de type sauvage disparait chez les mutants trp (Figure 
2, centre). Les drosophiles mutantes sont alors aveugles. L'utilisation du lanthanum chez 
les mouches de type sauvage reproduit le courant transitoire retrouve chez les mutants trp 
(Figure 2, droite). Le lanthanum est un inhibiteur non-specifique des canaux calciques ce 
qui demontre que le gene TRP est un canal calcique. A noter que pour obtenir une reponse 
du mutant trp similaire au trp de type sauvage ou lors de 1'application du lanthanum, le 
stimulus lumineux doit etre dix fois plus intense. Le courant residuel mesure chez les 
mutants trp de la drosophile est du a un gene homologue au gene TRP : TRPL (« TRP-
like »). TRPy est un second gene homologue au gene TRP de la drosophile. 
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Figure 2. Developpement du courant ionique entrant suite a la 
depolarisation de la membrane par r application d'un stimulus 
lumineux: le phinotype trp chez des cellules photor&eptrices de 
l'oeil de la Drosophila melanogaster . A) cellule trp de type sauvage, 
B) cellule trp mutante et C) cellule trp de type sauvage traitee au 
lanthanium (La3+). Adaptee de Minke et Cook (2002). 
WT 
& 
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La superfamille des TRPs 
Chez les mammiferes, il existe 28 membres dans la superfamille des TRPs (Petersen et 
at, 1995; Kahn-Kirby et at, 2006). Cette superfamille est sous-divisee en six families : 
les TRPCs, TRPVs, TRPMs, TRPPs, TRPMLs et TRPA (Figure 3). La famille des 
TRPCs («transient receptor potential canonical») a ete clonee par homologie avec le 
canal TRP de la drosophile et comprend sept membres (TRPC1-TRPC7). Les TRPCs 
peuvent etre divises en quatre sous-families selon leur homologie en acides amines 
(Venkatachalam et Montell 2007). Les deux premieres sous-families sont composees de 
TRPC1 et TRPC2 respectivement. La troisieme sous-famille comprend TRPC4 et 5, alors 
que la quatrieme sous-famille est composee des TRPC3, 6 et 7. La famille des TRPVs 
(« vanilloid ») contient six membres (TRPV1-TRPV6) et est sous-divisee en deux sous-
groupes selon leur homologie en acides amines (Venkatachalam et Montell, 2007). 
TRPV1 a 4 forment le premier sous-groupe et TRPV5 et 6 forment le deuxieme. Le 
premier TRPV de mammifere, TRPV1, a ete obtenu par une strategic de clonage selectif 
dans la quete d'identifier les canaux actives par un produit vanilloid inflammatoire : la 
capsaicin (Caterina et at, 1997). Cette derniere est responsable de l'effet piquant et de la 
sensation de chaleur retrouves lorsqu'on mange de la nourriture epicee. 
La famille des TRPMs (« melastatin ») contient huit membres (TRPM1-TRPM8). lis 
peuvent etre sous-divises en quatre sous-groupes selon leur homologie en acides amines 
(Venkatachalam et Montell 2007). Les sous-groupes sont formes des paires suivantes : 
TRPM1 et TRPM3, TRPM4 et TRPM5, TRPM6 et TRPM7. TRPM2 et TRPM8 ne sont 
pas dans un sous-groupe particulier, mais ils demeurent tres lies selon leur homologie en 
acides amines. Le premier TRPM de mammifere identifie, TRPM1, a ete nomme 
1.TRPML2 ' , T R P M I J 
TRPML hTRPMLl
 v \ \ 
(mucolipin) \ . \ \ 
hi RtT- >. \ ^ 
hi RPi'5 ^ \ 
hi K I T : - — ^ ^ v 
TRPP ^ ^ 
t p o h i \ si iiii 
h'I'KPM5 " I ^ " ^ 
hi R P . \ { * - ^ ^ \ s ^ / 
Kuwsvtr / / 
hIRI 'Mr // 
TRPM // 
intehwftitin) hTRPM / / 
hTRPMft / 
hl'RPMi 
r^ / y 
'J 
hTRPCl 
/ ,hTRPC-»
 T D D r / / / h T R P 5 I K r t -
/ / / (canonical) 
/ / / hTRPCi 
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1/ 
1/ 
\ \ 
\ \ 
\ \ 
v£-- ' 'hTRPC6 
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\ \MiTRPV5 TRPV 
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Figure 3. Arbre phylogen&ique de la superfamille des canaux 
Transient Receptor Potential (TRP) mammaliens. TRPC (canonical), 
TRPM (melastatine), TRPV (vanilloide), TRPP (polycystine), TRPA 
(ankyrine), TRPML (mucolipine) sont les seules sous-families 
identifiers chez les mammiferes. Tiree de Nilius et al. (2006). 
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melastatin puisque ses niveaux d'expression correlaient inversement avec le potentiel 
metastatique de certaines lignees cellulaires melanomiques (Duncan et al, 1998). La 
famille des TRPAs (« ankyrin ») a ete identifiee lors de la selection de genes qui sont 
represses durant la transformation oncogenique de fibroblastes et contient un seul membre 
(TRPA1) (Jaquemar et al, 1999). TRPM1 et TRPA1 semblent done jouer un role dans le 
controle de la proliferation cellulaire. Enfin, les families des TRPPs (« polycystin ») et 
TRPMLs (« mucolipin ») contiennent trois membres chacun (TRPP2, 3 et 5; TRPML1-3). 
Les TRPPs et TRPMLs ont ete decouverts comme des produits de genes mutes dans les 
maladies de polykystose renale autosomique dominante et de mucolipidose de type IV 
respectivement (Mochizuki et al, 1996; Bargal et al, 2000). 
La superfamille des TRPs a une structure et des domaines similaires aux TRPCs (voir 
section sur la structure et les domaines des TRPCs). A 1'exception de TRPM4 et 5 qui 
sont impermeables au Ca2+, tous ces canaux TRP laissent passer le Ca2+ (Nilius et al 
2007). Seuls TRPV5 et 6 sont tres selectifs au Ca2+ avec un ratio PCa2+ /PN3+ >100 (ou P 
represente la permeabilite pour l'ion), alors que ce ratio se situe entre 0.3 et 10 pour les 
autres canaux TRP. TRPV5 et 6 sont constitutivement actifs et retrouves dans les reins et 
dans le petit intestin respectivement ou ils jouent un role dans l'absorption de Ca + 
(Hoenderop et al. 1999; Peng et al 1999). 
D'autres fonctions physiologiques ont ete attributes a plusieurs TRPs, alors qu'aucun role 
physiologique n'a clairement ete accorde aux TRPPs et TRPMLs jusqu'a maintenant 
(Venkatachalam et Montell 2007). TRPM5 est responsable des gouts amers, sucres et 
umami (Perez et al 2002; Zhang et al. 2003). TRPM6 et 7 sont impliques dans le 
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transport du magnesium a travers la barriere epitheliale des reins et des intestins 
(Schlingmann et al. 2002; Chubanov et al. 2004). TRPC2 joue un role dans la reaction 
acrosomale dans les cellules du sperme (Jungnickel et al. 2001). TRPC2 peut egalement 
jouer un role dans la signalisation sensorielle des pheromones puisqu'il est retrouve dans 
l'organe vomeronasal (Liman et al. 1999). A noter que TRPC2 est un pseudogene chez 
l'humain. TRPC6 est essentiel a la barriere de permeabilite entre les capillaires et le 
milieu interstiel renal puisqu'une mutation dans TRPC6 va causer la maladie de 
glomerulosclerose segmentaire focale et familiale (Winn et al. 2005; Reiser et al. 2005). 
TRPC1 et 6 promeuvent la proliferation des cellules musculaires lisses d'artere 
pulmonaire puisque leur inhibition diminue la croissance cellulaire (Sweeney et al. 2002; 
Yu et al. 2003). TRPC4 serait implique dans la relaxation des cellules endotheliales 
vasculaires puisque dans les souris qui n'expriment pas de TRPC4, tres peu de 
vasorelaxation est observee (Freichel et al. 2001). TRPC3 et 6 jouent un role dans la 
contraction des muscles lisses arteriels puisque leur suppression diminue la capacite de 
vasoconstriction (Welshes al. 2002; SobolofFef al. 2005; Reading et al. 2005). TRPC1 
joue un role dans la vasoconstriction pulmonaire puisque c'est le phenomene observe lors 
de sa surexpression dans les cellules musculaires lisses d'artere pulmonaire (Kunichika et 
al. 2004). 
Les TRPCs ont aussi des fonctions dans les neurones. Certains TRPCs sont impliques 
dans le developpement des neurones (Li et al. 1999; Li et al. 2005; Shim et al. 2005; 
Wang et Poo 2005). En effet, lorsque les TRPC1, 3 ou 6 sont supprimes, cela inhibe la 
croissance des axones guides par des chimioattractants tels le BDNF (« brain-derived 
neurotrophic factor») ou le netrin-1. A 1'inverse, TRPG5 inhibe la croissance des 
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filopodes dans le cone axonique et la croissance des neurites afin d'avoir une 
differentiation neuronale normale (Greka et al. 2003). Les inhibitions synaptiques dans le 
cerveau sont principalement dues au neurotransmetteur GABA (acide gamma-
aminobutyrique) (Jacob et al. 2008). La relache de GABA dans la dendrite neuronale 
requiere une entree de Ca2+ et celle-ci est causee par TRPC4 (Munsch et al. 2003). 
Plusieurs TRPs jouent un role dans la thermosensation. On retrouve TRPV1 a 4 dans les 
neurones d'ou ils peuvent transmettre 1'information concernant la temperature 
environnante au systeme nerveux central (Montell et Caterina 2007). TRPV1 serait 
responsable de maintenir la temperature corporelle. En effet, TRPV1 est active par la 
chaleur (> 43 °C) (Venkatachalam et Montell 2007). TRPV2 a 4 sont actives par des 
temperatures tiedes ou chaudes (TRPV2, > 52 °C ; TRPV3, 33-39 °C ; TRPV4, 27-34 °C). 
TRPM8 est active par des temperatures froides qui oscillent entre 8 et 28 °C ainsi que par 
le menthol qui produit une sensation de fraicheur (McKemy et al. 2002). Enfin, TRPA1, 
TRPM4 et 5 sont egalement actives par des temperatures froides (TRPA1, < 17 °C ; 
TRPM4 et 5, 15-35 °C) (Story et al. 2003; Talavera et al. 2005). 
Des composes chimiques de la vie quotidienne sont responsables de l'activation de 
certains canaux TRP (Venkatachalam et Montell 2007). TRPV1 est active par divers 
composes chimiques tels que Tail (allicin), l'ethanol et la nicotine. TRPA1 est active 
chimiquement par des ingredients presents entre autres dans le wasabi et Tail (allicin). 
Hypotheses d'activation des canaux TRPC 
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Les canaux TRPC sont impliques dans 1'entree de Ca . lis peuvent etre classifies de 
deux facons : ROC ou SOC. Dans le cas ou ils sont des ROCs, un analogue du 
diacylglycerol, l'OAG, permet l'activation directe des TRPC3, TRPC6 et TRPC7, bien 
que son mecanisme d'action soit imprecis (Spassova et ah, 2006). En ce qui conceme les 
SOCs, plusieurs hypotheses ont ete emises pour expliquer les mecanismes cellulaires les 
activant. Bien qu'il y ait des preuves appuyant chacune de ces hypotheses, elles 
contiennent toutes des lacunes qui ne permettent d'expliquer le phenomene complet 
d'activation des canaux SOC. 
La premiere hypothese est nommee le facteur d'influx calcique (CIF) (Takemura et al. 
1989; Randriamampita et Tsien 1993). Suite a la depletion du RE de son Ca2+, un signal -
le CIF- est diffuse dans le cytosol. Le CIF se rend a la membrane plasmique et permet 
l'entree de Ca2+ via les canaux calciques. Le CIF a ete isole, partiellement purifie et 
demontre comme pouvant activer les canaux calciques a la membrane plasmique. Une 
ebauche de la signalisation du CIF a ete faite et est basee sur differentes etudes (Bolotina 
et Csutora 2005). Tout d'abord, suite a la vidange du RE de son Ca2+, le CIF est synthetise 
au RE, relache dans le cytoplasme ou il diffuse jusqu'a la membrane plasmique. Etant 
donne que le temps d'activation des SOCs est rapide, il est possible qu'il y ait un 
precurseur au CIF qui soit converti en CIF actif lorsque le RE est deplete de son Ca 
(Bolotina et Csutora 2005). La calmoduline inhibe la phospholipase A2 independante du 
Ca2+ (iPLA2|3) qui se trouve a la membrane plasmique. Le CIF deplace la calmoduline de 
la iPLA2p et l'activation de la iPLA2P permet de generer des lysophospholipides. Les 
lysophospholipides vont activer directement ou indirectement les canaux SOC. Plusieurs 
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etapes dans ce modele devront etre elucidees pour consolider ce modele de signalisation 
du OF, dont la synthese et Pidentite moleculaire du CIF. 
La deuxieme hypothese est celle du couplage conformationel (Irvine 1990; Berridge 
1990). Le modele original indique que le recepteur a l'IP3 situe au RE est physiquement 
connecte aux canaux calciques de la membrane plasmique. Suite a une depletion calcique 
du RE, un changement conformationnel du recepteur a ITP3 provoque l'ouverture des 
canaux calciques. Cette hypothese a ete modifiee pour permettre la separation du 
recepteur a l'IP3 des canaux calciques (Patterson et al. 1999). La version modifiee de ce 
modele implique une interaction proche et reversible entre le RE et la membrane 
plasmique. Plusieurs laboratoires ont demontre 1'interaction du recepteur a LIP3 avec les 
canaux TRPC (Kiselyov et al. 1998; Boulay et al. 1999; Lockwich et al. 2000; Rosado et 
Sage 2000; Tang et al. 2001). Par contre, dans les cellules DT40 ou les trois isoformes du 
recepteur a ITP3 ont ete supprimes, la vidange du RE de son Ca2+ a tout de raeme permis 
une entree de Ca2+ via les canaux calciques situes a la membrane plasmique (Sugawara et 
al. 1997; Ma et al. 2001; Vazquez et al. 2001; Venkatachalam et al. 2001). Ceci demontre 
que l'interaction entre le recepteur a PIP3 et les canaux TRPC n'est pas requise pour 
l'activation de ces derniers. Par contre, d'autres proteines situees a la membrane du RE 
pourraient activer les canaux calciques situes a la membrane cellulaire par un couplage 
conformationnel. STIM1 semble en effet jouer ce role et ce sujet sera plus approfondi 
dans la prochaine section. Plus recemment, il a ete demontre que l'interaction entre PIP3R 
et TRPC1 serait facilitee par la proteine Homer (Yuan et al. 2003). La proteine Homer est 
une proteine d'echafaudage qui reunit dans un complexe des proteines impliquees, entre 
autre chose, dans la signalisation calcique. Homer lb ou Homer lc en complexe avec 
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ITP3R, et non Homer la, facilite l'exocytose et l'endocytose de TRPC3, permettant ainsi 
la regulation de son activite (Kim et al, 2006). Ce complexe TRPCl-Homer-iP3R 
supporte l'hypothese d'activation des TRPCs par couplage conformationnel. D'autres 
etudes permettront d'eclaircir les joueurs impliques dans le couplage conformationnel. 
La troisieme hypothese porte sur l'exocytose des canaux SOCs via la fusion a la 
membrane plasmique de vesicules contenant les canaux actifs suite a une depletion du RE 
de son Ca2+ (Somasundaram et al. 1995; Yao, Y. et al. 1999). Plusieurs etudes ont 
demontre l'exocytose des canaux TRPC lors de la depletion du RE de son Ca2+ 
(Cayouette et al. 2004; Bezzerides et al. 2004; Odell et al. 2005). De plus, lorsque la 
fusion de vesicules est inhibee via l'utilisation de drogues qui stabilisent les filaments 
d'actine sous la membrane plasmique, 1'entree calcique est inhibee (Patterson et al, 
1999). Pourtant, l'activite de PIP3R n'est pas affectee dans ces conditions. Plusieurs 
evidences dans la litterature demontrent que differents membres des TRPCs interagissent 
avec des proteines du complexe SNARE. Ce complexe SNARE est implique dans la 
fusion de vesicules avec la membrane plasmique (Jahn et Scheller, 2006). VAMP2 
(synaptobrevin), deux isoformes de SNAP (SNAP-23 et SNAP-25) et la syntaxine 
interagissent avec TRPC1 ou TRPC3 (Redondo et al. 2004, Singh et al. 2004). De plus, 
TRPC3 interagit avec a-SNAP, qui est impliquee conjointement avec la proteine NSF 
dans la dissociation du complexe SNARE. Neanmoins, cette troisieme hypothese ne 
permet pas d'expliquer comment la depletion du RE signale l'exocytose des canaux 
TRPC. Le CIF et/ou le couplage conformationnel peuvent etre les etapes manquantes pour 
provoquer l'exocytose des canaux TRPC. D'autres etudes demeurent necessaires pour 
confirmer le modele complet permettant l'activation des canaux TRPCs. 
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Stim et Orai 
Le ICRAC (« calcium-release-activated calcium current») est un courant tres selectif au 
Ca2+ qui a ete decouvert et caracterise il y a quinze ans (Hoth et Penner 1992). Depuis ce 
temps, les scientifiques ont tente d'identifier le canal CRAC et ses composantes. 
Recemment, deux proteines, STIM et Orai, ont ete identifies et elles sont necessaires 
pour l'entree calcique via les canaux SOCs et pour le I CRAC-
La premiere de ces proteines a ete identifiee simultanement par deux groupes differents et 
se nomme STIM1 (Roos et al. 2005; Liou et al. 2005). La proteine STIM possede un 
domaine transmembranaire et il existe deux homologues mammaliens, STIM1 et STIM2. 
lis renferment des domaines SAM et EF-hand dans la queue N-terminale situee dans la 
region extracellulaire ou intraluminal du RE et un domaine coiled-coil dans la region C-
terminale qui est situee dans la region intracellulaire. Le domaine EF-hand des proteines 
STIM permet de detecter les niveaux de Ca2+ dans le RE. La depletion du RE induit une 
redistribution de STIM1 et STIM2 en « puncta » (Brandman et al. 2007). STIM1 est 
exprime au RE et a la membrane plasmique, alors que STIM2 est exprime au RE 
seulement (Soboloff et al. 2006a). La localisation de STIM1 a la membrane plasmique est 
un debat dans la communaute scientifique, mais si une portion de STIM1 est situee a la 
membrane plasmique, alors son role reste a determiner (Dziadek et Johnstone 2007). La 
seconde proteine identifiee comme etant une composante du I CRAC est Orail (Feske et al. 
2006; Vig et al. 2006). Orail est situe a la membrane plasmique, possede quatre segments 
transmembranaires, des queues N- et C-terminales cytoplasmiques et un presume coiled-
coil en C-terminal. Suite a la depletion du RE, Orail s'agrege en presence de STIM1 (Xu 
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et al. 2006). II existe deux autres membres dans la famille de Orail : Orai2 et Orai3 
(Mercer et al. 2006). 
L'interaction entre STIM1 ou STIM2 et Orail permettrait de retrouver le ICRAC (Zhang et 
al. 2005; Liou et al. 2005). En outre, lorsque le Ca extracellulaire est ajoute suite a son 
absence durant 5 minutes, cela cause une entree constitutive de Ca chez les cellules 
surexprimant STIM2 et Orail, mais pas chez les cellules surexprimant STIM1 et Orail 
(Soboloff et al. 2006b). En effet, STIM2 regule les niveaux basaux de Ca2+ dans le 
cytosol et dans le RE en regulant l'entree de Ca2+ via Orail (Brandman et al. 2007). 
STIM2 est active par de plus faibles reductions de Ca dans le RE que STIM1. Orai2 et 
Orai3 generent une entree via les canaux SOC, mais moins efflcacement que Orail lors de 
surexpression transitoire en cellules en presence de STIM1 (Mercer et al. 2006). 
STIM1 et Orail sont suffisants pour recreer le I CRAC- Cependant, plusieurs laboratoires se 
sont interesses a une interaction possible de STIM1 et Orail avec les canaux TRPC. 
STIM1 pourrait etre le chainon manquant dans l'hypothese concernant le couplage 
conformationnel permettant l'activation de certains canaux TRPC, alors que Orail 
pourrait expliquer l'heterogeneite des resultats fonctionnels concernant les canaux TRPC. 
STIM1 interagit avec les canaux TRPC1, 2, 4 et 5 pour les activer, mais il n'interagit pas 
avec les canaux TRPC3, 6 et 7 (Huang et al. 2006; Lopez et al. 2006). Le duo forme par 
Orail et STIM1 interagit avec les canaux TRPC1, 3, 5, 6 ou 7 (Ong et al. 2007; Liao et al. 
2007 et 2008; Ma et al. 2008). Les complexes constitues de Orail, STIM1 et des TRPCs 
sont impliques dans l'activation de l'entree de Ca . 
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Structure et domaines des TRPCs 
Comme plusieurs canaux ioniques avec une topologie similaire, les canaux TRPCs sont 
constitues de quatre sous-unites pour former un pore fonctionnel (Mio et al. 2005; Barrera 
et al. 2007). Les TRPCs sont constitues de six segments transmembranaires dont un 
segment hydrophobe entre les cinquieme et sixieme segments transmembranaires et agira 
comme le presume pore (Owsianik et al. 2006) (Figure 4). Les extremites N- et C-
terminales sont cytoplasmiques. Les TRPCs possedent deux regions coiled-coil (une dans 
l'extremite N-terminale et 1'autre dans l'extremite C-terminale) et un domaine de 
repetition de l'ankyrine dans l'extremite N-terminale. La region coiled-coil est composee 
d'une helice alpha et avec des helices alpha appartenant a d'autres regions coiled-coil, 
elles s'enroulent les unes sur les autres pour former une superhelice. Une repetition de 
l'ankyrine consiste en deux courtes helices alpha connectees par une petite boucle et les 
TRPCs seraient composes de quatre repetitions similaires a l'ankyrine (Lussier et al. 
2005). Un domaine TRP tres conserve chez les TRPCs et les TRPMs se trouve dans 
l'extremite C-terminale. Ce domaine TRP consiste en 25 acides amines dont six sont 
inchanges (EWKFAR) qu'on nomme la boite TRP (« TRP box »). A la suite de ce 
domaine TRP se trouve un domaine riche en prolines qu'on retrouve aussi chez les 
TRPCs et les TRPMs et qui peut former un site de liaison pour les domaines SH3. 
Selectivity dans l'assemblage des canaux TRP 
Plusieurs etudes ont demontre une selectivity dans l'assemblage fonctionnel des canaux 
TRP. TRP et TRPL de la drosophile peuvent former des homo- ou des hetero-tetrameres 
(Xu et al. 1997). Quant a TRPy, il interagit preferentiellement avec TRPL, mais il peut 
aussi former un canal avec TRP chez la drosophile (Xu et al. 2000). Dans la famille des 
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Extracellulaire 
COOH 
Repetition similaire a I'ankyrine (ANK) 
£ j Domainecoiled-coil(CC) I | 
^ H Domaine hydrophobe (hi) H J 
Sil Site de N-glycosylation / \ 
Domaine TRP (EWKFAR) 
Domaine riche en prolines 
(LPXPFXXXPSPK) 
Site de liaison de la 
calmoduline et de CIP3R 
Domaine PDZ (TRPC4, 5) 
Figure 4, Modele de la topologie des TRPCs. Representation 
schematique de la structure a six segments transmembranaires (TM1 a 
TM6) des TRPCs, de differents domaines retrouv^s dans les portions N-
et C-terminales cytosoliques, ainsi que les patrons de N-glycosylation 
dans la portion extracellulaire. La section de la queue C-terminale en 
jaune est une extension retrouvee uniquement chez TRPC4 et TRPC5 et 
possede un domaine PDZ. 
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TRPVs, TRPV1 a TRPV4 preferent homo-oligomeriser (Hellwig et al. 2005). TRPV5 et 
TRPV6 peuvent autant homo- qu'hetero-oligomeriser. L'homotetramerisation de tous les 
TRPMs est possible. Par contre, seul TRPM6 a ete demontre jusqu'a present pour 
heteromultimeriser avec TRPM7 (Chubanov et al. 2004; Jiang 2007). Dans la famille des 
canaux TRPML, l'homo- et rhetero-multimerisation de tous ses membres est possible 
(Venkatachalam et al. 2006). 
Les canaux TRPC peuvent etre sous-divises en deux sous-groupes fonctionnels distincts 
bases sur la selectivity de leur heterotetrarnerisation (Goel et al. 2002 et Hofmann et al. 
2002). TRPC1, 4 et 5 representent la premiere sous-famille fonctionnelle, alors que 
TPvPC3, 6 et 7 forment le deuxieme sous-groupe fonctionnel. TRPC2, qui est un 
pseudogene chez l'humain, ne peut qu'oligomeriser avec lui-meme. Contrairement aux 
sous-groupes fonctionnels decrits ci-haut presents dans les cerveaux adultes, les cerveaux 
embryonnaires expriment des heteromeres differents (Striibing et al. 2003). Par co-
immunoprecipitation, il a ete demontre que TRPC3 ou TRPC6 interagissent avec TRPC4 
ou TRPC5, mais seulement en presence de TRPC1. Des essais in vitro ont aussi demontre 
que TRPC1 et TRPC3 peuvent s'assembler pour former un canal (Liu et al. 2005). Enfin, 
par co-immunoprecipitation, TRPC3 interagit avec TRPC4, mais dans cette meme etude, 
il est egalement demontre que TRPC3 interagit avec TRPC1 (Poteser et al. 2006). TRPC1 
semble done servir d'intermediaire entre les differents sous-groupes fonctionnels. 
Determinants moleculaires dans Tassemblage des canaux TRP 
Des experiences de double-hybride, de GST pull-down et de co-immunoprecipitation ont 
demontre que les canaux de la drosophile TRP, TRPL et TRPy s'assemblent via leurs N-
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terminaux (Xu et al. 1997 et 2000). Plus precisement, par double-hybride il a ete 
demontre que l'extremite N-terminale de TRPL interagit avec la region contenant le 
coiled-coil et un court fragment precedent ce coiled-coil situee dans l'extremite N-
terminale de TRPy. Outre les N-terminaux, les segments transmembranaires de TRP et 
TRPL de la drosophile contribuent aussi a 1'assemblage des sous-unites. Chez la famille 
des TRPCs, il a ete demontre que TRPC1 homo-oligomerise via son domaine coiled-coil 
(Engelke et al. 2002). A noter que seules les queues cytosoliques ont ete testees dans cette 
etude. 
Similarites entre les canaux TRPC et les canaux potassiques voltage-dependents 
Les TRPCs possedent une topologie similaire a celle des canaux potassiques voltage-
dependants (Long et al. 2005a; Tombola et al. 2006). Les canaux Kv regulent le potentiel 
et l'excitabilite a la membrane cellulaire des cellules excitables. lis sont composes de six 
segments transmembranaires, d'un pore entre le 5e et le 6e segment transmembranaire et 
de queues N- et C-terminales cytoplasmiques. Contrairement aux TRPCs, le quatrieme 
segment transmembranaire des canaux Kv est charge positivement et constitue avec les 
segments transmembranaires un a trois le domaine sensible au voltage. Ce domaine 
permet de detecter les changements de voltage au niveau de la membrane plasmique et 
ainsi d'ouvrir les canaux Kv pour faire sortir le potassium hors de la cellule. 
Les canaux Kv sont divises en plusieurs families dont les canaux Shaker (Kvl), Shab 
(Kv2), Shaw (Kv3) et Shal (Kv4) (Gutman et al. 2005). Les canaux Kv sont des 
tetrameres (MacKinnon 1991). Les membres de la famille Kvl, 3, 4, 7 et 10 peuvent 
homo- ou hetero-tetrameriser avec les membres de leur famille seulement pour former des 
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canaux fonctionnels (Xu et al. 1995). Les membres de la famille Kv2 peuvent homo- ou 
hetero-tetrameriser avec les membres des autres families (Kv5, K6, Kv8 et Kv9). 
Plusieurs etudes ont ete faites pour identifier les determinants moleculaires qui gouvernent 
la tetramerisation des canaux Kv. Les canaux Kvl possedent un domaine Tl (« first 
tetramerization domain ») en N-terminal qui est implique dans la tetramerisation du canal 
(Shen et al. 1993). Ce domaine Tl permet la reconnaissance des membres de la famille 
Kvl et previent 1'assemblage avec les membres des autres families Kv (Shen et Pfaffinger 
1995). Parmi les trois sous-domaines (A, B et C) de Tl tres conserves chez les canaux Kv, 
seuls les sous-domaines A et B sont necessaires pour la reconnaissance d'un membre de la 
famille. Ce patron distinct dans la conservation et dans la position de certains acides 
amines du domaine Tl a ete confirme par la cristallographie de Tl (Kreusch et al. 1998). 
De plus, les quatre sous-unites de Tl sont arrangees selon un axe de symetrie quaternaire 
enveloppant un pore au centre des quatre sous-unites. La cristallographie du tetramere 
Kvl.2 a permis de determiner que le domaine Tl est situe directement sur Pentree du pore 
dans le cytoplasme (Long et al. 2005a et b). 
Tl n'est pas le seul domaine responsable de la formation des canaux Kv puisque la 
deletion de Tl permet la formation de canaux Kv fonctionnels (Lee et al. 1994; Tu et al. 
1996; Kobertz et Miller 1999). Un peptide contenant les segments transmembranaires un a 
trois de Kvl.3 interagit avec le mutant de deletion de Kvl.3 qui ne contient pas de 
domaine Tl et de plus, ce peptide inhibe le courant produit par le mutant de deletion de 
Kvl.3 qui ne contient pas de domaine Tl (Tu et al. 1996; Sheng et al. 1997). Ceci 
suggere 1'implication des segments transmembranaires un a trois comme domaine 
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permettant l'assemblage des canaux K.vl.3. D'autres interactions intermoleculaires 
existent au sein des canaux Kv. Chez les canaux Kvl.l et Kv2.1, le C-terminal peut 
interagir avec le N-terminal de la sous-unite adjacente (Schulteis et al. 1996; Ju et al. 
2003). Le cristal de Kvl.2 revele que la boucle intracellulaire entre les segments 
transmembranaires quatre et cinq interagit avec le segment transmembranaire six d'une 
autre sous-unite (Long et al. 2005a). 
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But de 1'etude 
Chez les canaux TRP de la drosophile et TRPC1, les segments transmembranaires et le N-
terminal joue un role important dans l'assemblage du canal. Pour certains canaux Kv, le 
C-terminal ainsi que des regions specifiques dans le N-terminal et dans le domaine 
transmembranaire sont impliques dans 1'association entre les sous-unites. Les buts de 
cette etude sont: 1- d'identifier les domaines qui permettent l'assemblage des canaux 
TRPC et 2- de determiner Fimportance de ces domaines dans la tetramerisation du canal 
et de pouvoir proposer un modele d'assemblage. Premierement, pour identifier les 
domaines d'assemblage dans la proteine entiere du TRPC, nous avons genere des 
proteines chimeriques a partir de TRPC4 et 6. Ces deux TRPCs ne forment pas de canaux 
ensemble. Ainsi, en echangeant des domaines similaires entre TRPC4 et 6 et en co-
immunoprecipitant avec TRPC4 ou 6 de type sauvage, il a ete possible de determiner in 
cellulo quels domaines sont importants pour l'assemblage du canal. Deuxiemement, afin 
de determiner l'importance de ces domaines dans la tetramerisation du canal et de pouvoir 
proposer un modele d'assemblage, nous avons analyse la capacite d'oligomerisation de 
l'un des domaines d'assemblage par la methode de chromatographic de type tamis 
moleculaire. Afin de comprendre comment cette oligomerisation se fait, ce domaine 
d'assemblage a ete sous-divise et les domaines d'interaction retrouves a l'interieur de 
celui-ci ont ete analyses par diverses methodes de maniere a determiner comment ils 
interagissent les uns avec les autres. 
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Article #l-Avant-propos 
Titre : Identification of two domains involved in the assembly of TRPC channels. 
Auteurs: Lepage, P.K., Lussier, M.P., Barajas-Martinez, H., Bousquet, S.M., 
Blanchard, A.P., Francoeur, N., Dumaine, R., and Boulay, G. 
Journal: Publie dans le Journal of Biological Chemistry, Vol 281, 30356-30364, 
(2006). 
Contribution : J'ai participe au design des experiences, a la collecte et a l'analyse des 
donnees, ainsi qu'a l'ecriture et la preparation du manuscrit. 
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Resume de l'article #1 
Les canaux TRPC («transient receptor potential canonical ») sont associes avec l'entree 
de Ca dans les cellules non-excitables. Les TRPCs peuvent former des canaux homo- ou 
heterotetrameriques, auquel cas ils s'assemblent avec les membres de leur sous-famille. 
TRPC1, 4 et 5 represented une sous-famille et TRPC3, 6 et 7 represented l'autre. Les 
determinants moleculaires impliques dans l'association des sous-unites ne sont pas 
connus. Aim de les identifier, nous avons genere des chimeres en echangeant les 
differents domaines de TRPC4 avec les memes regions dans TRPC6. Nous avons 
demontre que TRPC4 co-immunoprecipitait avec les chimeres qui contenaient les 
domaines de l'ankyrine et du coiled-coil de TRPC4 introduits dans TRPC6. Cependant, 
les chimeres contenant seulement les domaines de l'ankyrine ou du coiled-coil de TRPC4 
ne co-immunoprecipitaient pas avec TRPC4. Ce premier domaine d'assemblage, nomme 
AD1, comprend done le N-terminal de TRPC4. Un deuxieme domaine d'assemblage, 
nomme AD2, est compose de la region du pore et de la queue C-terminale et il est 
implique dans Poligomerisation de TRPC4. Toutefois, les chimeres contenant seulement 
la region du pore ou la queue C-terminale de TRPC4 ne co-immunoprecipitaient pas avec 
TRPC4. De plus, nous avons demontre que le N-terminal de TRPC6 co-
immunoprecipitait avec le C-terminal de TRPC6. Dans les cellules HEK293T, la 
surexpression des chimeres contenant un N- et un C-terminal de differentes sous-families 
augmentent l'entree intracellulaire de Ca2+ subsequente a la stimulation de recepteurs 
couples a la proteine Gq. Ces resultats suggerent qu'il existe deux types d'interaction 
impliques dans 1'assemblage des sous-unites des canaux TRPC. La premiere interaction se 
produit entre les N-terminaux et comprend deux regions. La deuxieme interaction se 
produit entre le N- et le C-terminal et ne semble pas necessaire pour l'activite des TRPCs. 
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ABSTRACT 
TRPC channels are associated with calcium entry activity in nonexcitable cells. 
TRPCs can form homo- or hetero-tetrameric channels in which case they can assemble 
together within a subfamily groups. TRPC1, 4 and 5 represent one group and TRPC3, 6 
and 7, the other. The molecular determinants involved in promoting subunit 
tetramerization are not known. To identify them, we generated chimeras by swapping the 
different domains of TRPC4 with the same regions in TRPC6. We showed that TRPC4 
coimmunoprecipitated with the chimeras containing the ankyrin repeats and coiled-coil 
domains of TRPC4 into TRPC6. However, chimeras containing only the ankyrin repeats 
or only the coiled-coil domain of TRPC4 did not coimmunoprecipitate with TRPC4. We 
also showed that a second domain of interaction composed of the pore region and the C-
terminal tail is involved in the oligomerization of TRPC4. However, chimeras containing 
only the pore region or only the C-terminal tail of TRPC4 did not coimmunoprecipitate 
with TRPC4. Furthermore, we showed that the N-terminus of TRPC6 
coimmunoprecipitated with the C-terminus of TRPC6. Overexpression in HEK293T cells 
of chimeras that contained an N-terminus and a C-terminus from different subfamily 
groups increased intracellular calcium entry subsequent to stimulation of Gq protein-
coupled receptors. These results suggest that two types of interactions are involved in the 
assembly of the four subunits of the TRPC channel. The first interaction occurs between 
the N-termini and involves two regions. The second interaction occurs between the N-
terminus and the C-terminus and does not appear to be necessary for the activity of 
TRPCs. 
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INTRODUCTION 
Calcium signaling is involved in many cellular functions, including cell growth, 
differentiation, contraction and secretion. The elevation of [Ca ]j occurs via two distinct 
phases upon activation of a Gq protein-coupled receptor or a tyrosine kinase receptor. The 
first phase is mediated through the activation of phospholipase C, which catalyzes the 
9+ 
production of inositol 1, 4, 5-trisphosphate (IP3), which in turn mobilizes Ca from the 
endoplasmic reticulum. The second phase of [Ca2+]i elevation involves Ca2+ entry from 
the extracellular milieu that maintains the [Ca2+]i higher than the basal level (1, 2). The 
TRPC (transient receptor potential canonical) protein family is involved in calcium entry 
and is composed of seven members (TRPC1 to TRPC7) that are calcium-permeable cation 
channels (3, 4). Based on sequence similarity, TRPCs can be further subdivided into four 
groups. Groups 1 and 2 contain exclusively the isoforms TRPC1 and TRPC2, 
respectively. Group 3 includes TRPC3, TRPC6 and TRPC7, while group 4 includes 
TRPC4 and TRPC5. Group 4 TRPCs are most closely related to group 1. TRPCs consist 
of a transmembrane domain composed of six segments with a putative pore between the 
fifth and the sixth transmembrane segments. The transmembrane domain is flanked with 
cytoplasmic N- and C-termini (5). TRPCs possess two coiled-coil regions (one in the N-
terminus and the other in the C-terminus), an ankyrin repeat domain in the N-terminus and 
a TRP domain in the C-terminus. These regions are highly conserved within the TRPC 
family. 
Functional TRPC channels are presumably formed by homo- as well as 
heterotetramers (5, 6). Studies on the arrangement of TRPC in rat brain synaptosomes and 
the overexpression of TRPC in various systems have shown that the TRPC family can be 
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subdivided into two distinct functional subgroups. All members of one functional 
subgroup can selectively assemble together to form a specific channel (7, 8). One 
functional subgroup is composed of TRPC1, TRPC4 and TRPC5 while the other is 
composed of TRPC3, TRPC6 and TRPC7. TRPC1 and TRPC3, which belong to different 
functional subgroups, can also assemble together (9-12). To date, however, the molecular 
determinants responsible for the selectivity of the subunit assembly of the TRPC channels 
remain elusive. 
To address this issue, we generated chimeras involving two TRPC proteins 
belonging to different functional subgroups (TRPC4 and TRPC6). We used 
coimmunoprecipitation, GST pull-down and functional assays to determine which regions 
of the TRPC subunit are responsible for the assembly of the channel. We showed that two 
regions of the N-terminus of TRPC4 are implicated in the assembly of the channel. 
Coimmunoprecipitation and GST pull-down assays confirmed an N-terminus-to-N-
terminus interaction involving both the ankyrin repeats and the region downstream of the 
coiled-coil domain. Swapping both regions of TRPC4 with equivalent regions in TRPC6 
is necessary to obtain the association of the chimeras with TRPC4. Our results also 
identified an N-terminus to C-terminus interaction. 
EXPERIMENTAL PROCEDURES 
Materials - Cell culture media, serum, Hepes, trypsin, G418, Opti-MEM I, 
Lipofectamine 2000, TA Topo PCR cloning kit and Zero Blunt Topo PCR cloning kit 
were purchased from Invitrogen (Burlington, ON, Canada). Carbachol (CCh), and fura-
2/AM were purchased from Calbiochem (San Diego, CA, U.S.A.). Rabbit polyclonal and 
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mouse monoclonal anti-hemagglutinin (HA)-specific antibodies were purchased from 
BioCAN (Mississauga, ON, Canada). Mouse monoclonal anti-FLAG M2 was purchased 
form Sigma (Oakville, ON, Canada). Rabbit polyclonal anti-TRPC6 antibody was 
purchased from Chemicon (Temecula, CA, U.S.A.). Rabbit polyclonal anti-TRPC4 N-
terminal peptide (Tyr -Arg ) antibody was a gift from Lutz Birnbaumer (NIEHS, NIH, 
Research Triangle Park, NC, U.S.A.). Mouse monoclonal anti-GFP antibody was 
purchased from BD Biosciences (Mississauga, ON, Canada). Peroxidase-conjugated 
donkey anti-rabbit antibodies, peroxidase-conjugated sheep anti-mouse antibodies, protein 
A-sepharose CL-4B and glutathione-sepharose were purchased from GE Healthcare (Baie 
d'Urfe, QC, Canada). Protein A/G PLUS-Agarose was purchased from Santa Cruz 
Biotechnology, Inc. (Santa Cruz, CA, U.S.A.). All primers and oligonucleotides were 
ordered from Integrated DNA Technologies (Coralville, IA, U.S.A.). The TNT® coupled 
reticulocyte lysate system was purchased from Promega (Madison, WI, U.S.A.). Western 
i f 
Lightning Chemiluminescence Reagent Plus and Express Protein Labeling Mix [ S]Met 
and [35S]Cys were purchased from PerkinElmer Life Sciences (Woodbridge, ON, 
Canada). Restriction enzymes and Phusion DNA polymerase were purchased from New 
England Biolab (Pickering, ON, Canada). Unless otherwise stated, all other reagents were 
from Sigma (Oakville, ON, Canada). 
Molecular biology and generation of chimeras — Standard molecular biology 
techniques were used for DNA isolation, analysis and cloning (13, 14). Depending on 
their intended use, cDNAs were cloned into mammalian cell expression vector pcDNA3.1 
(Invitrogen), or in pGBKT7 (Clontech) or pAGA (15) for the in vitro assays. The 
chimeras were constructed by introducing restriction enzyme sites by site-directed 
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mutagenesis or by using overlapping primers and PCR. We introduced an Spe I restriction 
site in the middle of the sixth transmembrane segments of TRPC4 and TRPC6 to generate 
the [CT4]T6 (M^M714 TRPC6/ L609-L974 TRPC4), [N-VIT4]T6 (M'-S608 TRPC4/ V715-
R930 T R P C 6 ) j a n d [V-VIT4]T6 (M'-Q623 TRPC6/ I507-S608 TRPC4/ V715-R930 TRPC6) 
chimeras. We introduced an EcoR V restriction site in the middle of the linker between 
the fourth and fifth transmembrane segments of TRPC4 to generate the [V-CT4JT6 (M1-
D632 T R P C 6 / j5i6_L974 T R P C 4 ) md [V-VIT4JT6 (M'-D632 TRPC6/ i516-s608 TRPC4/ V715-
R930 TRPC6) chimeras. We took advantage of the Pst I restriction site localize in the 
linker between the fourth and fifth transmembrane segments of TRPC6 and TRPC4 to 
generate the [N-IVT4]T6 (M^Q506 TRPC4/ I624-R930 TRPC6) chimera. We introduced a 
Pvu I restriction site upstream from the coding sequence of the N-terminus coiled-coil 
domains of TRPC4 and TRPC6 to generate the [CCT4]T6 (M'-R270 TRPC6/ S195-P304 
TRPC4/ N381-R930 TRPC6) chimera. We used an overlapping primer strategy to perform 
the domain swap downstream from the coding sequence of the N-terminus coiled-coil 
domain. We generated the [NT4]T6 (M'-G356 TRPC4/ K433-R930 TRPC6), [N-IIT4]T6 
(M'-G424 TRPC4/ G516-R930 TRPC6), [III-IVT4]T6 (M'-Q515 TRPC6/ G425-Q506 TRPC4/ 
j624_R930 T R P C 6 ) and [AnkT4]T6 (M^H172 TRPC4/ D249-R930 TRPC6) chimeras by 
overlapping PCR. We took advantage of the EcoR I restriction site localize in the coiled-
coil of TRPC4 to generate the [CC-H1T4JT6 (M'-R270 TRPC6/ S195-G356 TRPC4/ K433-
R930 TRPC6) chimera. We took advantage of the Xba I restriction site localize in the 
coiled-coil of TRPC4 to generate the [Ank-CCT4]T6 (M^P304 TRPC4/N381-R930 TRPC6) 
chimera. All PCR products were cloned into pCR2.1-TOPO and transformed into an E. 
coli host strain according to the manufacturer's instructions. All constructs were confirmed 
using the dideoxynucleotide termination method (16). 
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Cell culture and transfection - HEK293T cells were maintained at subconfluence 
in Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum, 
penicillin (50 U/ml), and streptomycin (50 |J.g/ml) at 37°C in a humidified atmosphere 
containing 5% CO2. Cells were transiently transfected using LipofectAMINE 2000 
transfection reagent. Briefly, 6-well plates were treated with poly-L-lysine for 30 min, 
rinsed with phosphate-buffered saline (PBS) (137 mM NaCl, 3.5 mM KC1, 10 mM 
sodium phosphate buffer, pH 7.4), and dried. Plasmid DNA (1 ug) diluted in 250 ul of 
Opti-MEM I was added to each well before adding 2 ul of LipofectAMINE 2000 diluted 
in 250 ul of Opti-MEM I. The mixture was incubated for 20 min at room temperature. 
HEK293T cells (7.5 x 105) diluted in 1.5 ml of culture medium without antibiotic were 
then added to the DNA-LipofectAMINE 2000 complex and incubated for 16 h at 37°C in 
a humidified atmosphere containing 5% CO2. The medium was then replaced by complete 
culture medium, and the cells were incubated for a further 24 h. For [Ca ]j 
measurements, the content of a single well was trypsinized and plated on three poly-L-
lysine-treated coverslips. To determine the transfection efficacy, HEK293T cells were 
transfected with 1 ug of cDNA coding for the M5 muscarinic receptor, and the proportion 
of cells showing a CCh-induced Ca2+ mobilization was evaluated 48 h after transfection. 
Typically, the transfection efficacy varied between 55% and 65%. 
Immunoprecipitation assay -Transfected cells were rinsed twice with PBS plus 
0.9 mM CaCl2, 1 mM MgCl2 and lysed with 1 ml of lysis buffer (150 mM NaCl, 1% 
Nonidet P-40, 0.5% deoxycholate, 5 mM EDTA, 20 mM Tris-HCl, pH 8.0, 1 |ig/ml 
soybean trypsin inhibitor, 5 p.g/ml leupeptin, 100 uM phenylmethylsulfonyl fluoride and 
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0.1% sodium dodecyl sulfate). The cells were incubated for 30 min at 4°C with gentle 
agitation followed by 10 passages through a 20-gauge needle and five passages through a 
25-gauge needle. The solubilized material was cleared by centrifugation for 15 min at 
13,000 rpm at 4°C. The supernatant was mixed with 1 ul of anti-HA antibody and 40 ul of 
a slurry of protein A-sepharose CL-4B or with 0.7 ul of anti-flag antibody and 20 ul of a 
slurry of protein A/G agarose, and then incubated for 2 h at 4°C. Before use, the protein 
A-sepharose CL-4B was washed three times with lysis buffer. Samples were centrifuged 
for 3 min at 5,000 rpm at 4°C and then washed three times with 1 ml of ice-cold lysis 
buffer. Immunoprecipitated proteins were dissolved in 50 ul of 2X Laemmli buffer and 
incubated for 30 min at' 60°C before being separated on an SDS-polyacrylamide gel and 
being transferred to a nitrocellulose membrane for immunoblotting. 
Proteinase K digestion of cell surface proteins - HEK293 cells stably expressing 
TRPC6 were washed twice with HBSS (120 mM NaCl, 5.3 mM KC1, 0.8 mM MgS04, 10 
mM glucose, 20 mM Hepes, pH 7.4, 1.8 mM CaCl2) and treated with 60 ug/ml of 
proteinase K in HBSS for 20 min at 37°C. The proteinase K was inactivated by the 
addition of 500 uM (final concentration) phenylmethylsulfonyl fluoride. The cells were 
then scraped on ice and centrifuged for 3 min at 1,000 rpm at 4°C. Cell pellets were 
resuspended in lysis buffer and subjected to an immunoprecipitation assay. 
GST Fusion Proteins and GST Pull-down Assays - Amino acids 1-304 of 
TRPC4 were cloned in frame into the pGEX-4T-3 plasmid and amino acids 87-304, 87-
172, 87-239, 195-304 or 254-304 of TRPC4 were cloned in frame into the pGEX-4T-l 
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plasmid to express GST fusion proteins in Escherichia coli BL21. Expression of GST 
fusion proteins were induced with 0.2 mM isopropyl-D-thiogalactoside for 2 h at 30 °C. 
The cells were subsequently collected by centrifugation at 2,500 x g for 15 min, sonicated 
in lysis buffer (20 mM Tris-HCl, pH 7.5, 1.0% Triton X-100, 100 mM NaCl, 5mM 
EDTA, 1 mM dithiothreitol, 1 ug/ml soybean trypsin inhibitor, 100 uM 
phenylmethylsulfonyl fluoride) on ice, and clarified by centrifugation for 15 min at 
15,000 x g at 4 °C. The clarified lysate was incubated with glutathione-sepharose beads 
for 1 h at room temperature and then washed (six times) with ice-cold lysis buffer. 
The N-terminus of TRPC4 (M1- P304) subcloned in pAGA and the C-terminus of 
TRPC4 (I627-S952) subcloned in pGBKT7 were translated using the TNT® coupled 
reticulocyte lysate system and labeled with [ S]Met/Cys. For GST pull-down 
experiments, the N- and C-termini of TRPC4 were incubated for lh at room temperature 
with Sepharose bead-bound GST fusion proteins. After washing with binding buffer (20 
mM Tris-HCl, pH 7.5, 1 % Nonidet P-40, 100 mM NaCl, 5mM EDTA, 1 u.g/ml soybean 
trypsin inhibitor, 100 uM phenylmethylsulfonyl fluoride), the beads were resuspended in 
2x Laemmli buffer and proteins were separated by SDS-PAGE and subjected to 
autoradiography. 
Immunoblots - Cell lysates and immunoprecipitated proteins were separated by 
SDS-PAGE and transferred to a 0.2 u.m nitrocellulose membrane (PerkinElmer) in 150 
mM glycine, 20 mM Tris-base and 20% methanol (350 mA for 3 h or 100 mA overnight 
at 4°C). The blots were stained with Ponceau S to visualize the marker proteins, destained 
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with TBST (20 mM Tris-HCl, pH 7.5, 137 mM NaCl, 0.3% Tween 20), and blocked for 
either 1.5 h at room temperature or overnight at 4°C in TBST containing 7% (w/v) nonfat 
dry milk. The blots were then incubated for 3 h at room temperature or overnight at 4°C 
with rabbit anti-HA (dilution 1:1000), rabbit anti-TRPC6 (dilution 1:300), rabbit anti-
TRPC4 (dilution 1:2000), mouse anti-FLAG M2 (1:500) or mouse anti-GFP (1:1000). 
After three washes with TBST, the blots were incubated with peroxidase-conjugated 
donkey anti-rabbit-IgG (1:50,000) or peroxidase-conjugated sheep anti-mouse-IgG 
(1:25,000) for 1.5 h at room temperature in TBST. The blots were washed three times 
with TBST and the immune complexes were visualized with the Western Lightning 
Chemiluminescence Reagent Plus detection system. 
Electrophysiology Methods - Membrane currents were measured using whole-cell 
patch-clamp technique in transfected HEK293T cells in the absence and presence of 50 
uM carbachol. All recordings were obtained at room temperature (22 °C) using an 
Axopatch 200B amplifier equipped with a CV-201A head stage (Axon Instruments). 
Macroscopic whole cell currents were recorded using the patch clamp technique. Bath 
solution contained (in mM): 140 NaCl, 1.8 CaCl2, 1.2 MgCl2,15 HEPES, 10 glucose, pH 
7.4. Patch pipettes were pulled from borosilicate glass (7052) (Model PP-89, Narashige, 
Japan) to have a resistance between 3 and 6 MQ when filled with a standard solution 
containing (in mM): 140 CsAsp, 1 CaCl2, 11 EGTA, 2 MgCl2,18 NaCl, 10 HEPES, 0.3 
ATP, and 0.03 GTP, pH 7.2 (calculated free internal Ca2+, 100 nM). Currents were 
elicited by a ramp protocol from -100 mV to +40 mV for 250 ms applied each 10s, 
holding potential was -60 mV, currents were filtered with a four pole Bessel filter at 1 
kHz and digitized at 2 kHz. All data acquisition and analysis were performed using the 
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suite of pCLAMP programs V9.2 (Axon Instruments, Union City, CA), EXCEL 
(Microsoft) and ORIGIN 6.1 (Microcal Software, Northampton, MA). Data are expressed 
as mean ± SEM. Differences between groups were considered to be statistically 
significant for P values <0.05 using ANOVA statistical analysis or a Student's T test for 
paired values. 
RESULTS 
To identify the TRPC regions involved in channel assembly, we generated 
chimeras by swapping similar regions between TRPC4 and TRPC6, which belong to 
different functional subgroups (7, 8). To confirm that wild-type TRPC4 and TRPC6 were 
unable to assemble together and form a heteromeric channel, we co-transfected TRPC4 
with HA-tagged TRPC6 in HEK293T cells. We also co-transfected TRPC6 with HA-
tagged TRPC4. HA-tagged proteins were immunoprecipitated with anti-HA antibody and 
the presence of the untagged proteins in the immunoprecipitates was assessed by 
immunoblotting with specific antibodies against either TRPC4 or TRPC6. Figure 1A 
presents linear diagrams of the chimeras, identifying the localization of the different 
domains. As shown in Figure IB, TRPC4 was absent from the HA-tagged TRPC6 
immunoprecipitate and TRPC6 was absent from the HA-tagged TRPC4 
immunoprecipitate. The anti-TRPC4 antibody recognized the protein migrating with a Mr 
of 100 kDa in the HEK293T cells lysates. Similarly, the anti-TRPC6 antibody recognized 
the protein migrating as a broad band with a Mr slightly above 100 kDa in the cell lysate. 
These results clearly indicate that under our experimental conditions TRPC4 and TRPC6 
did not heteromerize. 
Lepage et al. J. Biol. Chem. (2006), Figure 1. The cytosolic N-terminal region of 
TRPC4 contains an assembly domain. (A) Schematic representation of the chimeras 
used for the co-immunoprecipitation assay. The TRPC4 amino acid sequence is indicated 
by a black box and the TRPC6 amino acid sequence is indicated by a white box. (B-G) 
The chimeras were transiently transfected into HEK293T cells, which were then lysed. 
The TRPC proteins were immunoprecipitated with a mouse monoclonal anti-HA 
antibody. The immunoprecipitated complexes were separated by SDS-PAGE and 
analyzed by immunoblotting with anti-TRPC4 (B left panel, C-F, G left panel), anti-
TRPC6 (B right panel) or anti-HA (G right panel) rabbit polyclonal antibodies. * indicates 
a non-specific 120 kDa protein that is recognized by the anti-TRPC4 antibody in lysates 
of cells. 
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We generated twelve chimeras by swapping similar domains between TRPC4 and 
TRPC6 (supplementary data; Fig. SI). To investigate the involvement of each TRPC4 
region, HEK293T cells were transiently co-transfected with the cDNAs coding for 
TRPC4 and each of the different chimeras. Depending on the experimental design, HA-
tagged TRPC4 or HA-tagged chimeras were immunoprecipitated with an anti-HA 
antibody and the presence of the untagged proteins in the immunoprecipitates was 
identified by immunoblot analysis using the appropriate antibodies (anti-TRPC4 or anti-
TRPC6). As shown in the Figure 1C, TRPC4 was detected in the immunoprecipitate of 
the HA-tagged chimera containing the N-terminus of TRPC4 up to the sixth 
transmembrane segment and the C-terminus of TRPC6 ([N-VIT4]T6), suggesting that an 
oligomerization domain is located within the N-terminus or the transmembrane region. To 
narrow down the oligomerization domain, HEK293T cells were co-transfected with 
TRPC4 and with either a chimera containing the N-terminus up to the fourth 
transmembrane segment of TRPC4 ([N-IVT4]T6), a chimera containing the N-terminus 
up to the second transmembrane segment of TRPC4 ([N-IIT4]T6) or a chimera containing 
the N-terminus up to G356 of TRPC4 ([NT4JT6). Each chimera coimmunoprecipitated 
with TRPC4 (Fig. 1 D-F), indicating that the N-terminus contains an oligomerization 
domain. As an additional control, a chimera containing only the third and fourth 
transmembrane segments of TRPC4 ([III-IVT4]T6), did not coimmunoprecipitate with 
TRPC4 (Fig. 1G). 
To determine which region in the N-terminus of TRPC4 is responsible for the 
oligomerization, we generated a chimera in which the ankyrin repeats and the coiled-coil 
domains of TRPC4 were introduced into the equivalent region of TRPC6 ([Ank-
Lepage et al., Supplemental Data, J. Biol. Chem. (2006), Figure SI. Amino acid 
sequence alignment at the swapping sites. The arrows indicate the amino acids involved 
in the swapping between two domains. The amino acid alignment of mouse TRPC4 
(NP_058680) and mouse TRPC6 (NP_038866) was done using the Clustal W algorithm 
(Thompson et al. (1994) Nucleic Acid Research, 22: 4673-4680). The hatched boxes in 
the schematic representation of the TRPC structures represent the ankyrin repeats (25), the 
white boxes represent the N-terminal coiled-coil domain as predicted by the "Coils" 
program (Lupas et al. (1991) Science 252:1162-1164.), the grey boxes represent the first 
hydrophobic sequence (HI) (18) and the black boxes represent the transmembrane 
segments (indicated by roman numerals). 
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CCT4JT6). We also produced a chimera in which the coiled-coil domain and the 
hydrophobic region HI (18) of TRPC4 were introduced into the equivalent region of 
TRPC6 ([CC-H1T4JT6). Figure 2A presents linear diagrams of the chimeras, identifying 
the localization of the different domains. When these chimeras were co-transfected with 
TRPC4, [Ank-CCT4]T6 coimmunoprecipitated with TRPC4 (Fig. 2B), whereas [CC-
H1T4JT6 did not (Fig. 2C). To further narrow down the oligomerization domain, we 
generated chimeras containing either the ankyrin repeat domain ([AnkT4]T6) or the 
coiled-coil domain ([CCT4]T6) of TRPC4. As shown in figures 2D and 2E, neither 
chimera coimmunoprecipitated with TRPC4, suggesting that both regions contribute to 
the formation of an oligomerization domain of TRPC4. 
To investigate the importance of the pore region and the C-terminal region of 
TRPC4 in the assembly of the channel, we generated chimeras in which the pore region 
([V-VIT4]T6) or the C-terminal region ([CT4]T6) or both regions of TRPC4 ([V-CT4]T6) 
were introduced into the equivalent regions of TRPC6. Figure 3 A presents linear diagrams 
of the chimeras, identifying the localization of the different domains. As shown in the 
Figure 3B, TRPC4 coimmunoprecipitated with [V-CT4]T6. However, TRPC4 did not 
coimmunoprecipitate with the chimera containing the pore region only ([V-VIT4]T6) nor 
with the chimera containing the C-terminal tail only ([CT4]T6) (Fig. 3C and 3D). These 
results suggest that both the pore region and the C-terminal of TRPC4 participate in the 
assembly of the channel. 
To verify whether similar regions might also be responsible for the assembly of 
TRPC6, we co-transfected HEK293T cells with the different chimeras and with TRPC6. 
Lepage et al. J. Biol. Chem. (2006), Figure 2. The N-terminal assembly domain of 
TRPC4 overlaps the ankyrin repeat and coiled-coil domains. (A) Schematic 
representation of the chimeras used for the co-immunoprecipitation assay. The TRPC4 
amino acid sequence is indicated by a black box and the TRPC6 amino acid sequence is 
indicated by a white box. (B-E) The chimeras were transiently transfected into HEK293T 
cells, which were then lysed. The TRPC proteins were immunoprecipitated with an anti-
HA mouse monoclonal antibody. The immunoprecipitated complexes were separated by 
SDS-PAGE and analyzed by immunoblotting with anti-TRPC4 (B, left panel C-D, E) or 
anti-HA (right panel C-D) rabbit polyclonal antibodies. * indicates a non-specific 120 kDa 
protein that is recognized by the anti-TRPC4 antibody in lysates from cells. 
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Lepage et al. J. Biol. Chem. (2006), Figure 3. A second assembly domain of TRPC4 
overlaps the pore region and C-terminal tail. (A) Schematic representation of the 
chimeras used for the co-immunoprecipitation assay. The TRPC4 amino acid sequence is 
indicated by a black box and the TRPC6 amino acid sequence is indicated by a white box. 
(B-D) The chimeras were transiently transfected into HEK293T cells, which were then 
lysed. The TRPC proteins were immunoprecipitated with an anti-HA mouse monoclonal 
antibody. The immunoprecipitated complexes were separated by SDS-PAGE and 
analyzed by immunoblotting with anti-TRPC4 (left panel B and D), anti-TRPC6 (left 
panel C, right panel D) or anti-HA epitope (right panel B and C) rabbit polyclonal 
antibodies. * indicates a non-specific 120 kDa protein that is recognized by the anti-
TRPC4 antibody in lysates from cells. 
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Figure 4A presents linear diagrams of the chimeras, identifying the localization of the 
different domains. As shown in Figure 4B, the chimera containing the N-terminus up to 
the fourth transmembrane segment of TRPC4 ([N-IVT4]T6) coimmunoprecipitated with 
HA-tagged TRPC6. It is likely that this efficient interaction was due to the presence of the 
pore region and the C-terminal portion of TRPC6, which remained intact in this chimera. 
However, the chimera containing the N-terminal tail up to the sixth transmembrane 
segment of TRPC4 ([N-VIT4]T6) did not coimmunoprecipitate with TRPC6 (Fig. 4C). 
This chimera contained only the C-terminal tail of TRPC6 and apparently did not contain 
any interacting domain for TRPC6. As expected, chimeras containing the pore region and 
the C-terminus of TRPC4 ([V-CT4]T6) and only the pore region of TRPC4 ([V-VIT4]T6) 
coimmunoprecipitated with TRPC6 (Fig. 4D and 4E). Again, it is likely that the efficient 
interactions were due to the N-terminal portion of TRPC6, which remained intact in these 
two chimeras. The chimeras containing a part of the N-terminus (Ank, CC, Ank-CC, CC-
Hl) of TRPC4, [NT4]T6 and [N-IIT4JT6 coimmunoprecipitated with TRPC6 (data not 
shown). For these chimeras, it is likely that the efficient interaction was due to the 
presence of the domain encompassing both the pore region and the C-terminal region of 
TRPC6. The overall conclusion of these experiments is that two regions are involved in 
the assembly of TRPC. The first region, which we call Assembly Domain 1 (AD1), is 
located within the N-terminus and overlaps the ankyrin repeats and the coiled-coil 
domain. The second region, AD2, overlaps the pore region and the C-terminal tail. 
Our coimmunoprecipitation experiments did not allow us to determine whether 
oligomerization occurs via an interaction between both domains (AD1 with AD2) or 
occurs via self-association of a particular domain (AD1 with AD1 and AD2 with AD2). 
Lepage et al. J. Biol. Chem. (2006), Figure 4. The two assembly domains are also 
present in TRPC6. (A) Schematic representation of the chimeras used for the co-
immunoprecipitation assay. The TRPC4 amino acid sequence is indicated by a black box 
and the TRPC6 amino acid sequence is indicated by a white box. (B-E) The chimeras 
were transiently transfected into HEK293T cells, which were then lysed. The TRPC 
proteins were immunoprecipitated with anti-HA (B and C) or anti-FLAG (D and E) 
mouse monoclonal antibodies. The immunoprecipitated complexes were separated by 
SDS-PAGE and analyzed by immunoblotting with anti-TRPC4 (left panel B, right panel 
C), anti-TRPC6 (left panel C, right panel E) or anti-HA rabbit polyclonal antibodies (right 
panel B, left panel D and E). indicates a non-specific 120 kDa protein that is recognized 
by the anti-TRPC4 antibody in lysates from cells. 
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To determine the self-association of the N-terminus, we incubated the in vitro translated 
N-terminus of TRPC4 with different segments of the TRPC4 N-terminus fused to GST 
immobilized on glutathione-Sepharose 4B affinity beads (Fig. 5A). As shown in figure 
5B, the [35S]N-terminus of TRPC4 was efficiently retained by all the different segments 
of TRPC4 fused to GST. The strongest interactions were with GST-TRPC4 1-304, 87-304 
and 254-304 showing the implication of a region between the coiled-coil domain and the 
first hydrophobic region. Also, the weakest interactions were observed between the 
[35S]N-terminus of TRPC4 and GST-TRPC4 87-172, showing the implication of the 
second, third and fourth ankyrin repeats in the self interaction of the N-terminus of 
TRPC4. 
We investigated a possible interaction between AD1 and AD2 using in vitro 
binding assays. In GST pull-down experiments, the in vitro translated C-terminus of 
TRPC4 was incubated with GST-TRPC4 1-304 or GST immobilized on glutathione-
Sepharose 4B affinity beads. As shown in figure 5C, whereas no significant binding was 
observed with GST alone, the [35S]C-terminus of TRPC4 was efficiently retained by 
GST-TRPC4 1-304 (Fig 5C). These results show that the N-terminus can interact with the 
C-terminus. To determine the interaction between AD1 and AD2 in vivo, cell surface 
proteins on HEK293 cells stably expressing HA-tagged TRPC6 were digested with 
proteinase K. After digestion, the HA-tagged C-terminus of TRPC6 was 
immunoprecipitated. As expected, proteinase K produced a 28 kDa C-terminal fragment 
of TRPC6 (Fig. 6A). Using a specific antibody against the N-terminus of TRPC6, we 
detected the N-terminus of TRPC6 in the immunoprecipitate (Fig. 6B). To confirm this 
result with our coimmunoprecipitation approach, the chimera containing the C-terminus 
Lepage et al. J. Biol. Chem. (2006), Figure 5. Two regions of the N-terminus of 
TRPC4 are implicated in the self-association. (A) Schematic representation of the 
chimeras used for the GST pull-down assay. (B-C) Representative results showing the 
binding of the N- and C-termini of TRPC4 to the N-terminal fragments of TRPC4. GST 
pull-down assays were performed as described under "Experimental Procedures." After in 
vitro translation of the N-terminus of TRPC4 (M1- P304) (B) and the C-terminus of TRPC4 
(I627-S952) (C), labeled with [35S]Met/Cys, were incubated for 1 h at room temperature 
with TRPC4 segment fused to GST and adsorbed to glutathione-Sepharose. GST pull-
down complexes were analyzed by SDS-PAGE, stained, and autoradiographed. 
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Lepage et al. J. Biol. Chem. (2006), Figure 6. Interaction between N-terminus and C-
terminus in cellulo. (A-B) Cell surface proteins of the TRPC6HA stably transfected 
HEK293 cell line (T6.11) were incubated with 60 ug/ml of proteinase K (+) or vehicle (-) 
for 20 min at 37°C. The cells were then lysed and the HA-tagged C-terminus of TRPC6 
was immunoprecipitated with an anti-HA mouse monoclonal antibody. The 
immunoprecipitated complexes were separated by SDS-PAGE and analyzed by 
immunoblotting with an anti-HA epitope rabbit polyclonal antibody to detect the HA-
tagged C-terminus (A) or with an anti-TRPC6 N-terminus rabbit polyclonal antibody (B). 
(C) Schematic representation of the chimeras used for the co-immunoprecipitation. The 
TRPC4 amino acid sequence is indicated by a black box and the TRPC6 amino acid 
sequence by a white box. (D-E) The chimeras were transiently transfected into HEK293T 
cells, which were then lysed. The TRPC proteins were immunoprecipitated with an anti-
HA mouse monoclonal antibodies. The immunoprecipitated complexes were separated by 
SDS-PAGE and analyzed by immunoblotting with an anti-TRPC4 (left panel D) or anti-
TRPC6 (right panel D) rabbit polyclonal antibody or an anti-GFP mouse monoclonal 
antibody (left panel E) or anti-HA (right panel E) rabbit polyclonal antibody. * indicates a 
non-specific 120 kDa protein that is recognized by the anti-TRPC4 antibody in lysates of 
cells. 
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of TRPC4 ([V-CT4]T6) was shown to coimmunoprecipitate with another chimera 
containing the N-terminus of TRPC4 ([N-IVT4]T6) (Fig. 6D). Figure 6C presents linear 
diagrams of the chimeras, identifying the localization of the different domains. These 
results strongly suggest that AD1 can interact with AD2, but they do not exclude the 
possibility that AD2 can self-associate. To investigate this possibility, the chimera 
containing the pore region and C-terminal tail of TRPC4 ([V-CT4JT6) was tagged either 
with GFP in its N-terminus or with HA in its C-terminus. After co-transfection in 
HEK293T cells, the GFP-tagged [V-CT4]T6 coimmunoprecipitated with the HA-tagged 
[V-CT4]T6 (Fig. 6E). Similar results were obtained with the chimera containing the Flag-
tagged N-terminus of TRPC4 ([N-IVT4]T6) that was coimmunoprecipitated with the 
GFP-tagged [N-IVT4]T6 (data not shown). These results suggest that the assembly of 
TRPC channels involves direct interactions between AD1 and AD2 as well as self-ADl-
AD1 interactions. 
To investigate the importance of the AD1 and AD2 interactions in the activation of 
TRPC channels, we evaluated the ionic current using whole-cell patch-clamp recordings 
from HEK293T cells co-transfected with the M5 muscarinic receptor and different 
chimeras. The current-voltage relations of the transfected HEK293T cells were monitored 
by repeated application of 250 ms voltage ramps from -100 to +40 mV every 10 s. As 
shown in figure 7A, perfusion of TRPC6-transfected cells with the muscarinic agonist, 
CCh (50 uM), resulted in an increase in membrane current. The mean basal current level 
at holding potential of -80 mV in TRPC6-transfected cells was -7.9 pA/pF ± 1.24 (Fig. 
7E). The mean peak inward current level in response of CCh was -82.2 pA/pF ± 2.89. As 
we already reported (19), no detectable currents are observed in HEK293T cells (data not 
Lepage et al. J. Biol. Chem. (2006), Figure 7. AD2 is not necessary for CCh-induced 
TRPC6 activation. Current-voltage relationship for cells transfected with TRPC6 (A), 
[CT4]T6 (B), [N-IVT4]T6 (C), [N-VIT4]T6 (D). Whole-cell currents in control 
conditions (gray line) and following addition of 50 uM CCh (black line). (E) Amplitude 
of the current at -80 mV in control condition (filled bar) and in presence of 50 uM CCh 
(empty bar) expressed the mean ± SEM (4 cells for each group). *: Statistical differences 
in paired data control vs CCh (*: p>0.05, **: p>0.01). 
A. TRPC6 
Vm (mV) 
-80 -40 
em^tx**™'"*""**^*^" 
/
 + CCh 
50 -I 
0 40 
-50 £ 
-100 
B. [N-IVT4]T6
 5 0 
Vm (mV) 
-80 -40 
+ CCh 
40 
-100_ 
Ll_ 
Q. i 
J-200 
C. [CT4]T6 
Vm (mV) 
-80 -40 
+ CCh 
-150 H 
§•-100 
-50 
0 
100 
D. [N-VIT4JT6 50 
Vm (mV) 
-80 -40 
+ CCh 
100 
* * 
* * 
I B unstimulated 
CZD +CCh 
* * * 
J U 3 
TRPC6 [N-IVT4]T6' [CT4]T6 " [N-VIT4JT6 
Lepage et al. J. Biol. Chem. (2006), Figure 7 
50 
shown). For cells transfected with TRPC4, the mean basal current level at holding 
potential of -80 mV was -10.5 pA/pF ± 4.90 and the mean peak inward current level in 
response of CCh was -17.1 pA/pF ± 7.49 (data not shown). For cells transfected with [N-
IVT4]T6 (Fig. 7B), that contained AD1 and AD2 domains from different TRPC 
subgroups, the mean basal current level at holding potential of-80 mV was -13.4 pA/pF ± 
3.31 and the mean peak inward current level in response of CCh was -139.7 pA/pF ± 
37.82. In cells transfected with the chimeras [CT4]T6 (Fig. 7C) and [N-VIT4]T6 (Fig. 
7D), the mean basal current levels at holding potential of -80 mV were -17.4 pA/pF ± 
0.50 and -23.6 pA/pF ± 1,57, respectively. The mean peak inward current levels at 
holding potential of -80 mV in response of CCh were -46.8 pA/pF ± 6.02 and -47.9 
pA/pF ± 10.76, respectively. Because AD2 is disrupted in these chimeras, it appears that 
AD1 is sufficient to assemble a functional channel. Similar results were obtained by 
measuring Ca2+ entry using fura-2 fluorescence assay (supplementary data; Fig. S2). 
DISCUSSION 
TRPC channels, like many other ion channels containing six transmembrane 
segments and one pore region, are composed of four similar subunits that are assembled to 
form a functional channel (20-23). For TRPCs, the molecular determinants involved in 
promoting subunit tetramerization are not known. In the present study, we generated 
chimeras to transfer the assembly domains of TRPC4 into TRPC6. We provided evidence 
that at least two interaction domains are involved in the oligomerization of TRPC 
channels. The first interaction domain, AD1, overlaps the N-terminal ankyrin repeats and 
the coiled-coil domains (Ml-Pm TRPC4). The second interaction domain, AD2, 
encompasses the putative pore region, including the linker between the fourth and fifth 
Lepage et al., Supplemental Data, J. Biol. Chem. (2006), Figure S2. AD2 is not 
necessary for CCh-induced TRPC6 activation - Fluorescence data. HEK293T cells 
were co-transfected with the M5 muscarinic receptor and with either pcDNA3, TRPC6, 
[N-IVT4]T6, [N-VIT4]T6,or [CT4]T6. After loading with fura-2, the cells were incubated 
in the absence of extracellular Ca2+ (in the presence of 0.5 mM EGTA) for 30 s and were 
stimulated with 50 uM carbachol. Ca2+ (1.8 mM) was then added to the extracellular 
medium at 180 s. (A) Typical Ca2+ response following CCh stimulation of cells 
transfected with pcDNA3 and TRPC6. (B) Net Ca2+ entry was obtained by subtracting the 
[Ca2+]i determined by the average of three values taken just before adding 1.8 mM 
extracellular Ca2+ from the average of three [Ca2+]i values taken between 57 to 63 s after 
the addition of extracellular Ca2+. 
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transmembrane segments (S4-S5 linker) and the cytosolic C-terminal tail (I516-L974 
TRPC4). Furthermore, we showed that the N-terminus and C-terminus of TRPC4 and 
TRPC6 can interact. Two previous studies have investigated the molecular determinants 
involved in the homo-oligomerization of TRPC1 and the hetero-oligomerization of 
TRPC1 with TRPC3. Using deletion mutants and yeast two-hybrid assays, Engelke et al. 
showed that the N-terminal coiled-coil domain is involved in the homo-oligomerization of 
TRPC1 (24). Using the yeast two-hybrid assay, Liu et al., also showed that the first 
ankyrin repeat of TRPC1 interacts with the N-terminus of TRPC3 (12). However, other 
regions, including the N-terminal coiled-coil domain of TRPCl, do not interact with the 
N-terminus of TRPC3. TRPCl and TRPC3 are the only members of the functional 
subgroups that can assemble together (9-12). In this context, the first ankyrin repeat may 
be responsible for this particular interaction between TRPCl and TRPC3 but may not 
necessarily be involved in the common homo-oligomerization of TRPCs. Our GST pull-
down assay showed that regions containing either the second to the fourth ankyrin repeats 
(E87- H172) or downstream of the coiled-coil domain (D254- P304) are sufficient to interact 
with the N-terminal of TRPC4. Despite the fact that neither [AnkT4]T6 (M^H172) nor 
[CCT4]T6 (S195-P304) coimmunoprecipitated with TRPC4 under our experimental 
conditions, the results obtained with the coimmunoprecipitation of [Ank-CCT4]T6 and 
TRPC4 demonstrate that both domains contribute to stabilizing an interaction between 
TRPCs in cellulo. 
The N-terminal location of an assembly domain has been suggested for other 
channels. Indeed TRPV5 and TRPV6 have been shown to assemble through an interaction 
between their ankyrin repeat domains. These two channels, which are involved in 
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epithelial Ca uptake (25), contain six ankyrin repeats in the N-terminus (21), whereas 
TRPCs contain only four ankyrin repeats (26). For TRPV6, two interactions have been 
described: a self-interaction of the third ankyrin repeat and a self-interaction of the fifth 
ankyrin repeat (27). For TRPV5, channel assembly involves a self-interaction of the first 
ankyrin repeat (28). For voltage-dependent K+ (Kv) channels, a cytoplasmic N-terminal 
tetramerization domain (Tl) is involved in the tetrameric assembly (29-30). 
Our study also identified a second region (AD2) that is involved in the 
oligomerization of TRPCs. We showed by GST pull-down assay that the N-terminus of 
TRPC4 interacted with the C-terminus of TRPC4 and that the N-terminus of TRPC6 
coimmunoprecipitated with the C-terminus of TRPC6. We thus propose that this second 
interaction involves the N-terminus and C-terminus. This type of interaction has been 
described for Kv subunits. Schulteis et al. (31) showed that exposure of cells expressing 
Kvl.l to oxidizing conditions causes the formation of a disulfide bond between a cysteine 
in the N-terminal Tl domain and a cysteine in the C-terminus of the adjacent subunit. 
Also, an interaction between the N-terminus and the C-terminus of Kv2.1 is responsible 
for the gating process (32). Furthermore, an interaction between the N-terminus and the 
C-terminus of TRPV5 has been identified by a GST-pulldown assay and 
coimmunoprecipitation (28). 
Several pieces of evidence suggest that the interaction between AD1 domains is 
sufficient for the selective assembly of the channel. The chimeras containing the N-
terminus and the C-terminus from different functional subgroups were activated by 
carbachol. Although, the chimeras [CT4]T6 and [N-VIT4]T6 have their AD2 disrupted, 
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they could still form a functional channel. Additionally, the functional results obtained 
with the chimeras [N-IVT4]T6, [N-VIT4]T6 and [CT4]T6 suggest that the interaction 
between the N-terminus and the C-terminus is not absolutely required to assemble a 
functional TRPC channel. However, this interaction may be involved in the regulation of 
the activity of the channel, as is the case for Kv2.1 (32). Another possibility is that 
different assembly phases must occur to get the functional conformation of the channel. 
Schulteis et al. proposed a sequence of events that take place during Shaker biogenesis, 
occurring in the endoplasmic reticulum (31). In an early event, subunits are incorporated 
into the membrane and tetramerization of the Tl occurs. Pore formation occurs during the 
intermediate event. During the late event, the N-terminus and the C-terminus of adjacent 
subunits come into proximity, establishing an interaction that persists in the native 
structure. In the case of the [CT4]T6 and [N-VIT4]T6 channels, the first phase may be the 
tetramerization of the subunits through the interaction with AD1, which would provide 
the assembly selectivity. This would be followed by the interaction with AD2, which is 
possibly less selective and may accommodate different functional subgroups of TRPCs. 
However, because [V-CT4]T6 coimmunoprecipitated with TRPC4 and also because [N-
IVT4]T6 coimmunoprecipitated with TRPC6, the absence of a self-AD 1-AD 1 interaction 
does not appear to be as critical for TRPC as for the Kv channel. Indeed the deletion of 
the Tl domain of the Kv channel dramatically affects channel oligomerization and 
activity (29, 31,37). 
In summary, we have identified two domains responsible for the oligomerization 
of TRPC channels. The first domain, AD1, is responsible for self-association of the N-
termini of adjacent TRPCs. The second domain, AD2, is located in the C-terminal region 
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and is responsible for the interaction between the N-termini and the C-termini of adjacent 
subunits. 
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Resume de Particle #2 
Les canaux TRPC («transient receptor potential canonical ») sont responsables de 1'influx 
calcique chez les cellules non-excitables. Dans notre etude precedente, nous avons 
identifie les determinants moleculaires, AD1 et AD2, impliques dans l'assemblage des 
sous-unites des TRPCs. AD1 et AD2 interagissent l'un avec l'autre. AD1 inclut deux 
domaines d'interaction en N-terminal de TRPC4 qui contiennent la troisieme et quatrieme 
87 179 * 
repetition de l'ankyrine (Glu -His ) et une region en aval du domaine coiled-coil 
(Asp254-Pro304). Dans l'etude presente, nous avons examine les capacites 
d'oligomerisation du N-terminal de TRPC4. Nous avons demontre que le N-terminal de 
TRPC4 s'associe avec lui-meme dans les cellules HEK293T. Des experiences de 
chromatographic de type tamis moleculaire ont demontre que les N-terminaux de TRPC4 
forment un tetramere en cellules. De plus, des experiences de double-hybride demontrent 
que pour TRPC4, les domaines de l'ankyrine et du coiled-coil sont aussi importants l'un 
que l'autre pour l'assemblage du N-terminal. Par contre, pour TRPC6, chacun de ces 
domaines d'interaction est suffisant pour l'assemblage du N-terminal. Par des etudes de 
GST pulldown et de double-hybride, nous avons demontre qu'a l'interieur du N-terminal 
(AD1), les deux domaines d'interaction de TRPC4 s'associent avec eux-memes et pas de 
facon croisee. Par une approche de dichroi'sme circulaire, nous avons etabli l'association 
avec eux-memes de peptides representant le second domaine d'interaction en N-terminal: 
Ala287-Pro304T4 et Ser363-Pro380T6. Ces resultats indiquent que la tetramerisation des N-
terminaux de TRPC4 est impliquee dans l'assemblage du canal de TRPC4 via 
l'association avec eux-memes des deux domaines d'interaction en N-terminal. 
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ABSTRACT 
Transient receptor potential canonical (TRPC) channels function as cation 
channels. In a previous study, we identified the molecular determinants involved in 
promoting TRPC subunit assembly. In the present study, we used size-exclusion 
chromatography assays to show that the N-terminus of TRPC4 can self-associate and 
form a tetramer in cellulo. We further showed that the N-terminus of TRPC4 self-
associates via the ankyrin repeat domain and the region downstream from the coiled-coil 
domain. GST pull-down, yeast two-hybrid, and circular dichroism approaches 
demonstrated that both domains can self-associate. These findings suggested that the self-
association of two distinct domains in the N-terminus of TRPC4 is involved in the 
assembly of the tetrameric channel. 
INTRODUCTION 
Ca2+ signaling is involved in many cellular functions, including cell growth, 
differentiation, contraction, and secretion. The elevation of [Ca ]/ occurs via two distinct 
phases upon activation of a Gq protein-coupled receptor or a tyrosine kinase receptor. The 
first phase is mediated through the activation of phospholipase C, which catalyzes the 
9+ 
production of inositol 1,4,5-trisphosphate, which in turn mobilizes Ca from the 
94-
endoplasmic reticulum. The second phase involves Ca entry from the extracellular 
milieu, which maintains [Ca2+], higher than the basal level (1,2). The transient receptor 
potential canonical (TRPC) protein family is involved in Ca2+ entry. It is composed of 
seven members (TRPC1 to TRPC7) that are Ca2+-permeable cation channels (3,4). Based 
on sequence similarity, TRPCs can be further subdivided into four groups. Groups 1 and 2 
contain the TRPC1 and TRPC2 isoforms, respectively. Group 3 includes TRPC3, TRPC6, 
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and TRPC7, whereas group 4 is composed of TRPC4 and TRPC5. Group 4 TRPCs are 
most closely related to group 1. Functional TRPC channels are presumably formed by 
homotetramers and heterotetramers (5,6). Studies on the arrangement of TRPCs in various 
systems have shown that the TRPC family can be subdivided into two distinct functional 
subgroups. All the members of one functional subgroup can selectively assemble together 
to form a specific channel (7,8). One functional subgroup is composed of TRPC 1, TRPC4, 
and TRPC5, whereas the other is composed of TRPC3, TRPC6, and TRPC7. TRPC1 and 
TRPC3, which belong to different functional subgroups, can also assemble together (9-
11). In addition, TRPC4/5 can heteromultimerize with TRPC3/6/7 when TRPC1 is 
present. These heteromers are found exclusively in embryonic brain tissue (12). 
TRPCs consist of a transmembrane domain composed of six segments with a 
putative pore between the fifth and the sixth transmembrane segments. The amino and 
carboxy terminal tails are cytoplasmic and each contains a coiled-coil domain (5). The N-
terminus also contains an ankyrin repeat domain. We previously reported that two 
domains are responsible for the subunit assembly of TRPC channels. One is in the N-
terminus while the second encompasses the pore region and the C-terminal tail. Using 
GST pull-down assays, we further showed that the N-terminus contains two minimal 
interaction domains in the third and fourth ankyrin repeats and in the region downstream 
from the coiled-coil domain (13). 
The purpose of the present study was to determine whether the N-terminus of 
TRPC4 could oligomerize. We showed that the N-terminus of TRPC4 can self-associate 
and form a tetrameric complex in cellulo. We further demonstrated that the two N-
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terminal interaction domains could exclusively self-associate. This suggests that the N-
termini of TRPCs play an important role in the tetramerization of TRPC channels. 
EXPERIMENTAL PROCEDURES 
Materials - Cell culture media, serum, Hepes, trypsin, Opti-MEM I, 
Lipofectamine 2000, and Zero Blunt Topo PCR cloning kit were purchased from 
Invitrogen (Burlington, ON, Canada). ALLN (calpain inhibitor I) was from Calbiochem 
(San Diego, CA, USA). Rabbit polyclonal and mouse monoclonal anti-hemagglutinin 
(HA)-specific antibodies were from Covance (Berkeley, CA, USA). Rabbit polyclonal 
anti-TRPC4 N-terminal peptide (Tyr5-Arg17) antibody was a gift from Lutz Birnbaumer 
(NIEHS, NIH, Research Triangle Park, NC, USA). Mouse anti-c-myc 9B11 monoclonal 
antibody was from Cell Signaling Technology (Danvers, MA, USA). Peroxidase-
conjugated donkey anti-rabbit antibodies, peroxidase-conjugated sheep anti-mouse 
antibodies, protein A-sepharose CL-4B, glutathione-sepharose, and the protein calibration 
standards (thyroglobulin, ferritin, and aldolase) were from GE Healthcare (Baie d'Urfe, 
QC, Canada). The bovine serum albumin was from Roche (Laval, QC, Canada). The 
Matchmaker Two-Hybrid-System 3 and Galacton-Star™ chemiluminescent substrate 
were from Clontech (Palo Alto, CA, USA). The TNT® coupled reticulocyte lysate system 
was from Promega (Madison, WI, USA). Western Lightning Chemiluminescence Reagent 
Plus and 0.2 urn nitrocellulose membranes were from PerkinElmer Life Sciences 
(Woodbridge, ON, Canada). All primers and oligonucleotides were from Integrated DNA 
Technologies (Coralville, IA, USA). Restriction enzymes were from New England Biolab 
(Pickering, ON, Canada). The Phusion High-Fidelity DNA polymerase was from 
Finnzymes (Espoo, Finland). The TRPC4 (287ARLKLAIKYRQKEFVAQP304) and 
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TRPC6 peptides (363SRLKLAIKYEVKKFVAHP380) were synthesized by our peptide 
synthesis core facility, purified by reverse phase high pressure liquid chromatography, and 
characterized by mass spectrometry. Unless otherwise stated, all other reagents were from 
Sigma (Oakville, ON, Canada) or Laboratoire MAT (Quebec City, QC, Canada). 
Molecular biology and generation of chimeras - Standard molecular biology 
techniques were used for DNA isolation, analysis and cloning (14,15). Depending on their 
intended use, cDNAs were cloned into the mammalian cell expression vector pcDNA3.1 
(Invitrogen), the yeast expression vectors pGADT7 and pGBKT7 (Clontech), or the 
bacterial expression vector pGEX-4T-l (GE Healthcare). Amino acids 1-304 of TRPC4 
were cloned in-frame with the HA-epitope of pcDNA3.0-HA (a generous gift from Dr. 
Jean-Luc Parent, Universite de Sherbrooke) (16). Diverse N-terminal fragments of 
TRPC4 and TRPC6 ( M ' - P 3 0 ^ , E87-HmT4, D254-P304T4, Ml-HmT4/D249-?3&0T6, M1-
R l 9 4 T 4 / s 2 7 1 _ p 3 8 0 T 6 j T 6 4 . H 2 4 8 T 6 / E 1 7 3 . p 3 0 4 T 4 5 T 6 4 . R 2 7 0 T 6 / s 1 9 5 . p 3 0 4 T 4 ^ j * * . ? ^ ^ 
cloned in-frame to the activating (pGADT7) or binding (pGBKT7) domains of GAL4. 
cDNA encoding [AnkT4]T6 (M'-H172 TRPC4/ D249-R930 TRPC6) (13) was used as 
template to generate the chimeric proteins M1-H172T4/D249-P380T6. The T64-H248T6/E173-
P304T4 chimera was generated by overlapping PCR. The Q3-S183T4 and Q3-T401T6 
constructs in pGBKT7 have already been used in our lab (17,18). All PCR products were 
cloned into pCRII-Blunt-TOPO and transformed into an E. coli host strain according to 
the manufacturer's instructions. All constructs were confirmed using the 
dideoxynucleotide termination method (19). 
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Cell culture and transfection - HEK293T cells were maintained at subconfluence 
in Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum, 
penicillin (50 U/ml), and streptomycin (50 ug/ml) at 37°C in a humidified atmosphere 
containing 5% CO2. The cells were transiently transfected using Lipofectamine 2000 
transfection reagent. Briefly, 6-well plates were treated with poly-L-lysine for 30 min, 
rinsed with phosphate-buffered saline (PBS) (137 mM NaCl, 3.5 mM KC1, 10 mM 
sodium phosphate buffer, pH 7.4), and dried. Plasmid DNA (1.6 ug) diluted in 250 ul of 
Opti-MEM I was added to each well before adding 3 ul of Lipofectamie 2000 diluted in 
250 ul of Opti-MEM I. The mixture was incubated for 20 min at room temperature. 
HEK293T cells (8.0 x 105) diluted in 1.5 ml of culture medium without antibiotic were 
then added to the DNA-LipofectAMINE 2000 complex and incubated for 16 h at 37°C in 
a humidified atmosphere containing 5% CO2. The medium was then replaced by complete 
culture medium and the cells were incubated for a further 24 h. 
Immunoprecipitation assay - Transfected cells were treated for 3.5 h at 37°C with 
a proteasome inhibitor (ALLN, 30 uM) and rinsed twice with PBS supplemented with 0.9 
mM CaCl2 and 1 mM MgCl2. The cells were then incubated for 30 min at 4°C with 0.5 ml 
of immunoprecipitation lysis buffer (150 mM NaCl, 1% Nonidet P-40, 0.5% 
deoxycholate, 5 mM EDTA, 20 mM Tris-HCl, pH 8.0, 1 |ag/ml of soybean trypsin 
inhibitor, 5 ug/ml of leupeptin, and 100 uM phenylmethylsulfonyl fluoride) with gentle 
agitation, followed by five passages through a 25-gauge needle. The solubilized material 
was cleared by centrifugation for 15 min at 13,000 rpm at 4°C. The supernatant was 
mixed with 1.6 ul of anti-HA antibody and 30 ul of a slurry of protein A-sepharose CL-
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4B and was incubated overnight at 4°C. Before use, the protein A-sepharose CL-4B was 
washed three times with immunoprecipitation lysis buffer. Samples were centrifuged for 3 
min at 5,000 rpm at 4°C and then washed three times with 1 ml of ice-cold 
immunoprecipitation lysis buffer. Immunoprecipitated proteins were dissolved in 20 ul of 
2x Laemmli buffer and incubated for 30 min at 60°C. They were then separated on an 
SDS-polyacrylamide gel and transferred to a nitrocellulose membrane for 
immunoblotting. 
GST fusion proteins and GST pull-down assays - Amino acids 87-172 of TRPC4 
were cloned in-frame into the pGEX-4T-l plasmid to express GST fusion proteins in 
Escherichia coli BL21. The expression of GST fusion proteins was induced with 0.2 mM 
isopropyl-D-thiogalactoside for 2 h at 30°C. The cells were subsequently collected by 
centrifugation at 2,500 x g for 15 min, sonicated in GST lysis buffer (20 mM Tris-HCl, 
pH 7.5, 1.0% Triton X-100, 100 mM NaCl, 5mM EDTA, 1 mM dithiothreitol, 1 jig/ml of 
soybean trypsin inhibitor, 100 uM phenylmethylsulfonyl fluoride) on ice, and clarified by 
centrifugation for 15 min at 15,000 x g at 4°C. The clarified lysate was incubated with 
glutathione-sepharose beads for 1 h at room temperature (RT) and then washed six times 
with ice-cold GST lysis buffer. 
The N-terminal fragments of TRPC4 (E87- H172 and Q3- S183) that had been 
subcloned in pGBKT7, which contains c-myc epitope tag, were translated using the 
TNT® coupled reticulocyte lysate system. For the GST pull-down experiments, the N-
terminal fragments of TRPC4 were incubated for 1 h at RT with sepharose bead-bound 
GST fusion proteins. After washing with binding buffer (20 mM Tris-HCl, pH 7.5, 1 % 
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Nonidet P-40, 100 mM NaCl, 5mM EDTA, 1 ug/ml of soybean trypsin inhibitor, 100 uM 
phenylmethylsulfonyl fluoride), the beads were resuspended in 2x Laemmli buffer. The 
proteins were separated on a 16.5% Tris-tricine polyacrylamide gel and transferred to a 
nitrocellulose membrane. They were then detected by staining with Ponceau S or by 
immunoblotting with anti-c-myc epitope mouse monoclonal antibodies. 
Immunoblots - Cell lysate and immunoprecipitated proteins were separated by 
SDS-PAGE and transferred to a 0.2 urn nitrocellulose membrane (PerkinElmer) in 150 
mM glycine, 20 mM Tris-base, and 20% methanol (350 mA for 3 h or 100 mA overnight 
at 4°C). The blots were stained with Ponceau S to visualize the marker proteins, destained 
with TBST (20 mM Tris-HCl, pH 7.5, 137 mM NaCl, 0.3% Tween 20), and blocked for 
either 1 h at RT or overnight at 4°C in TBST containing 7% (w/v) nonfat dry milk. The 
blots were then incubated for 3 h at RT or overnight at 4°C with rabbit anti-HA (dilution 
1:1000), mouse anti-HA (dilution 1:1000), rabbit anti-TRPC4 (dilution 1:2000), or mouse 
anti-c-myc (dilution 1:1000). After three washes with TBST, the blots were incubated 
with peroxidase-conjugated donkey anti-rabbit-IgG (1:50,000) or peroxidase-conjugated 
sheep anti-mouse-IgG (1:25,000) for 1 h at RT in TBST. The blots were washed three 
times with TBST and the immune complexes were visualized using the Western 
Lightning Chemiluminescence Reagent Plus detection system. 
Yeast two-hybrid and fi-galactosidase assay - Protein interactions in the two-
hybrid system can be monitored both qualitatively and quantitatively. cDNAs encoding 
amino acids 1-304, 3-183, and 254-304 of TRPC4 or amino acids 3-401 of TRPC6 were 
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used as bait. They were cloned in-frame with the GAL4 DNA-binding domain in 
pGBKT7-BD and transformed into yeast strain AH 109. cDNAs encoding amino acids 1-
304, 87-172, and 254-304 of TRPC4, amino acids 64-380 of TRPC6, and the M1-
H 1 7 2 T 4 / D 2 4 9 _ p 3 8 0 T 6 ^ T 64_ H 248 T 6 / E 173_p304 T 4 5 c h i m e r a s w e r e u s e d a s p r e y . T h e y w e r e 
cloned in-frame with the GAL4 DNA-activating domain in pGADT7-AD and transformed 
into yeast strain Y187. Yeast strain AH 109 expressing the bait was then mated with yeast 
strain Y187 expressing the prey, according to the manufacturer's instructions. Mated yeast 
cells were first grown on low stringency selection plates (-Leu, -Trp) and then on high 
stringency selection plates (-Leu, -Trp, -His, -Ade) in the presence of X-a-gal. 
A liquid culture (3-galactosidase assay was used to quantify the interactions 
according to the method described in the Clontech Yeast Protocols handbook using the 
Galacton-Star™ chemiluminescent substrate (Clontech). Briefly, the diploid cells were 
grown overnight at 30°C in 5 ml of low stringency medium with agitation (250 rpm). The 
overnight culture (1 ml) was transferred to YPDA medium (8 ml) and grown at 30°C with 
agitation (250 rpm) to an optical density (OD600) between 0.4 and 0.6. The cells were 
harvested by centrifugation at 13,000 rpm for 30 s and resuspended in 1.5 ml of Z buffer 
(60 mM Na2HP04, 40 mM NaH2P04, pH 7, lOmM KCl, 1 mM MgS04). They were 
harvested by centrifugation, resuspended in 300 ul of Z buffer, and subjected to three 
freeze-thaw cycles in liquid nitrogen. The cell lysate (25 ul) was incubated with Galacton-
Star™ reaction mixture (200 ul) at RT for 60 min and then centrifuged at 13,000 rpm for 
1 min at 4°C. The supernatants were transferred to luminometer tubes and light emission 
was recorded at 5-s intervals using a Mini Lumat LB 9506 luminometer (EG&G Berthold, 
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Bad Wildbad, Germany), p-galactosidase activity was normalized to the corresponding 
OD600. 
Size-exclusion chromatography - Transfected cells were treated for 3.5 h at 37°C 
with a proteasome inhibitor (ALLN, 30 \xM) and rinsed twice with PBS supplemented 
with 0.9 mM CaCk and 1 mM MgC^. They were then scraped into 750 ul of PBS 
supplemented with 0.9 mM CaCb, 1 mM MgCb, 1 |^g/ml of soybean trypsin inhibitor, 5 
u.g/ml of leupeptin, and 100 uM phenylmethylsulfonyl fluoride, and homogenized in a 1.5 
ml tube using a pellet pestle motor homogenizer (Kontes). The homogenate was 
centrifuged at 13,000 rpm for 30 min at 4°C and the supernatant containing the cytosolic 
proteins was collected, concentrated using an Amicon Ultra-4 10K filter (Millipore), and 
separated by size-exclusion chromatography on a Superdex 200 (10/300) (GE Healthcare) 
column, mounted on an AKTAprime™ (GE Healtcare) at RT. Samples were eluted (0.5 
ml/min) and the elution profile was monitored at 280 run. The proteins in the fractions 
were separated on 12% SDS-PAGE gels and detected by immunoblotting with anti-HA 
mouse monoclonal antibodies or by staining with Coomassie blue. Band densities were 
quantified using a mean intensity value within a specific area, and the background from a 
neighboring empty location was subtracted. The same surface area was used for all the 
quantification calculations. 
Circular dichroism spectroscopy measurements - Circular dichroism (CD) 
measurements were performed in 0.1-cm path length quartz cuvettes using a Jasco J-810 
spectropolarimeter (JASCO Inc.) equipped with a Peltier-type thermostat. Spectra were 
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recorded at 37°C from 300 to 190 nm. The average of three scans at 0.1 nm intervals is 
presented. All the CD spectra were corrected by subtracting the spectrum obtained with 
buffer alone. Proteins were diluted to the desired concentrations in PBS supplemented 
with 0.9 mM CaCb and 1 mM MgC^. The raw m° values were transformed into mean 
residue molar ellipticities (deg»cm2»dmor') using the following equation: [0]222 = CD 
signal (deg)»MRW/concentration (g/ml)«l«10, where MRW is the mean residue weight 
and 1 is the path length of the CD cell. 
RESULTS 
A previous study showed that the N-terminus of TRPC4 possesses several 
molecular determinants that are involved in the assembly of the tetrameric channel (13). 
To determine the role of the N-terminus of TRPC4 in the oligomerization of the channel, 
we first wanted to confirm that it interacts with intact TRPC4. HEK293T cells were co-
transfected with HA-tagged TRPC4 and the N-terminal fragment of TRPC4 (M1-P304T4) 
to confirm that it interacts with intact TRPC4. HA-tagged TRPC4 was 
immunoprecipitated using an anti-HA antibody, and the presence of the M1-P304T4 
fragment in the immunoprecipitate was assessed by immunoblotting with a specific 
antibody directed against the N-terminus of TRPC4. As shown in Figure 1A, we detected 
the M1-P304T4 fragment in the immunoprecipitate of the HA-tagged TRPC4. These results 
confirmed our previous observation that the N-terminus of TRPC4 contributes to the 
assembly of the tetrameric channel. We then looked at whether the N-terminus of TRPC4 
could self-associate. HEK293T cells were co-transfected with the HA-tagged M'-P304T4 
fragment and the untagged M'-P304T4 fragment. Following an immunoprecipitation step 
using an anti-HA antibody, the presence of the M1-P304T4 fragment in the 
Lepage et al. Cell Calcium (2008), Figure 1. TRPC4 M1-P304T4 fragment self-
associates in HEK293T cells. A) cDNAs coding for amino acids M'-P304 of TRPC4 (1-
304T4), full-length HA-tagged TRPC4 (T4HA) or the combination of both were 
transiently transfected into HEK293T cells. The TRPC4 proteins were 
immunoprecipitated with a mouse monoclonal anti-HA antibody. The immunoprecipitated 
complexes were separated by SDSPAGE and analyzed by immunoblotting with an anti-
TRPC4 (upper panel) or with a rabbit polyclonal anti-HA antibodies (lower panel). B) 
cDNAs coding for amino acids 1-304 of TRPC4 (1-304T4) and HAtagged 1-304 of 
TRPC4 (HA 1-3 04), alone or in combination, were transiently transfected in HEK293T 
cells. HA-tagged TRPC4 M'-P304 proteins were immunoprecipitated with a mouse 
monoclonal anti-HA antibodies. The immunoprecipitated complexes were separated by 
SDS-PAGE and analyzed by immunoblotting with a rabbit polyclonal anti-TRPC4 
antibody. 
71 
A. 1-304T4 + T4HA 
IP HA 
v<f rO & V<? r<^ 4 
kDa N ' » ^ ^ N r b ^ X ' 
30— . ' •«•*«* •*»«$•» ^ «w«iw-*1-304T4 
IP lysates 
IBT4 
kDa ^ ^ ^ 
1 6 0 _ N ^ ^ I P H A 
1 2 0 - tiMf&*T4HA 100""^ - ^ T 5 7 " r * , H n M 
IB HA 
B. 1-304T4 + 1-304T4HA 
IPHA 
kDa ^ V ^ ^ V V IPHA 
4 0
~ ^ - HA1-304T4 
"*• 1-304T4 
3 0 -
Lepage et al. Cell Calcium (2008), Figure 1 
72 
immunoprecipitate was assessed by immunoblotting using a specific antibody directed 
against the N-terminus of TRPC4. As shown in Figure IB, we detected the untagged M1-
P304T4 fragment in the immunoprecipitate of the HA-tagged M1-P304T4 fragment. It is 
important to note that, due to the presence of the HA-epitope, the HA-tagged M1-P304T4 
fragment migrated slightly above the untagged M1-P304T4 fragment. These results 
demonstrated that the M1-P304T4 fragment possesses the essential determinants to self-
associate. 
The HA-tagged M1-P304T4 fragment was expressed in HEK293T cells and the 
cytosolic proteins were separated by size-exclusion chromatography as described in 
Experimental procedures to determine the oligomerization state of the M1-P304T4 
fragment. The proteins in the fractions were detected by immunoblotting using an anti-HA 
antibody, which was analyzed by densitometry (Fig. 2A), and by Coomassie blue staining 
(Fig. 2B). We detected the HA-tagged M,-P304T4 fragment in the fractions 15 through 35. 
The densitometric analysis revealed four peaks corresponding to 44.7 ± 2.8 kDa, 76.2 ± 
2.3 kDa, 109.1 ± 6.8 kDa, and 161.2 ± 2.6 kDa proteins (Fig. 2B), which is consistent 
with monomeric, dimeric, trimeric and tetrameric protein complexes, respectively (Fig. 
2B). These results suggested that the N-terminus of TRPC4 can tetramerize in cellulo. 
In a previous study (13), we identified two regions in the N-terminus of TRPC4 
involved in channel assembly using a GST-pulldowh assay. The first region involves the 
third and fourth ankyrin repeats (E87-H172) while the second region is downstream from 
the coiled-coil domain (D254-P304). To further investigate the importance of each of these 
regions in the assembly of TRPC4, we generated two chimeras by swapping similar 
Lepage et al. Cell Calcium (2008), Figure 2. TRPC4 M'-P304 fragments oligomerize 
as a tetramer. HA-tagged TRPC4 M'-P3 0 4 CDNA was transiently transfected into 
HEK293T cells. The cells were lysed into PBS with a mechanical homogenizer and the 
membrane and cytosolic proteins were separated by centrifugation. Cytosolic proteins 
were concentrated using an Amicon filter (Millipore) and separated by size-exclusion 
chromatography (Superdex 200, Amersham). The proteins from the different fractions 
obtained were separated by a 12% SDS-PAGE, immunoblotted using anti-HA mouse 
monoclonal antibodies, which was analyzed by densitometry (A), or stained with 
Coomassie blue (B). 
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regions between the N-termini of TRPC4 and TRPC6 as illustrated in Figure 3A. It is 
important to note that TRPC4 and TRPC6 belong to different functional subgroups of 
TRPCs and are thus not expected to interact. The interaction of the chimeras with the N-
terminus of TRPC4 (Gal4 BD-fused M1-P304T4 fragment) using the yeast two-hybrid 
approach was quantified by measuring the p-galactosidase activity in diploid yeast cells. 
As shown in Figure 3B, the p-galactosidase activity of diploid yeast cells expressing the 
Gal4 BD-fused M1-P304T4 and the Gal4 AD-fused M1-H172T4/D249-P380T6 chimera was 
65 ± 5% of the P-galactosidase activity of diploid yeast cells expressing the Gal4 BD-
fused M1-P304T4 and the Gal4 AD-fused M1-P304T4. The P-galactosidase activity of 
diploid yeast cells expressing the Gal4 BD-fused M1-P304T4 and the Gal4 AD-fused T64-
H248T6/E173-P304T4 chimera was only 32 ± 10% of the best combination. This value was 
similar to the P-galactosidase activity of diploid yeast cells expressing the Gal4 BD-fused 
Mi_p304T4 a n d t h e G a W Ajj.fused T64- P380T6, which are not expected to interact in 
mammalian cells. This value was thus considered to represent a non-selective association 
in the yeast two-hybrid assay. The same experimental approach was used to study the 
interaction between these chimeras with the N-terminus of TRPC6 (Gal4 BD-fused Q -
T401T6). The P-galactosidase activity of diploid yeast cells expressing the GaW BD-fused 
Q3-T401T6 and the GaW AD-fused T64-H248T6/E173-P304T4 chimeras was 110 ± 38% of the 
P-galactosidase activity of diploid yeast cells expressing the GaW BD-fused Q3-T401T6 
and the GaW AD-fused T64-P380T6 chimeras (Fig. 3C). The p-galactosidase activity of 
diploid yeast cells expressing the GaW BD-fused Q3-T401T6 and the GaW AD-fused M1-
H172T4/D249-P380T6 chimeras was 84 ± 4% of the best combination. These results 
confirmed that both ankyrin repeats and coiled-coil regions were required for stable 
Lepage et al. Cell Calcium (2008), Figure 3. Both interaction domains are required 
for stable interactions with the N-terminus of TRPC4 while either interaction 
domains of TRPC6 are sufficient to ensure a stable interaction. A) Schematic 
representation of the chimeras used for the liquid culture P-galactosidase assay. The 
TRPC4 amino acid sequence is indicated by a white box, and the TRPC6 amino acid 
sequence is indicated by a black box. B-C, S. cerevisiae Y187 pretransformed with the 
GAL4-activating domain (pGADT7) constructs was mated with S. cerevisiae AH 109 
pretransformed with the GAL4-binding domain (pGBKT7) constructs. The histogram 
illustrates the relative strength of two-hybrid interactions as determined by a 
chemiluminescent assay for lacZ reporter gene expression. Liquid cultures were grown to 
log phase in SD/-Trp, -Leu medium and assayed for P-galactosidase expression as 
described under "Experimental Procedures". The results are expressed as a percentage of 
the self association of M1-P304T4 (A) or the association of T64-P380T6 with Q 3 - ! 4 0 ^ (B). 
The histogram shows the average values (means ± SD) obtained from three independent 
experiments. 
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interactions between the N-terminus interaction domains of TRPC4. However, these 
results also indicated that, in the case of TRPC6, the presence of either the ankyrin repeats 
or the coiled-coil region was sufficient to ensure a stable interaction. 
To determine whether these regions could self-associate or interact, we performed 
GST pull-down and yeast two-hybrid assays. Figure 4A shows the various TRPC4 N-
terminus fragments used in the GST pull-down and yeast two-hybrid assays and indicates 
the location of the various domains. To determine whether the E87-H172T4 fragment self-
associates, we incubated the in vitro translated Q - S T4, which includes the first to 
fourth ankyrin repeats, and the in vitro translated E87-H172T4 with E87-H172T4 
immobilized on glutathione-Sepharose 4B affinity beads (GST-fused E87-H172T4). As 
shown in Figures 4B and 4C, no significant binding was observed with GST alone, while 
E87-H172T4 and Q3- S183T4 were efficiently retained by GST-fused E87-H172T4. These 
results demonstrated that the third and fourth ankyrin repeats of TRPC4 can self-associate 
in vitro. 
We also performed a yeast two-hybrid assay to verify in vivo whether both N-
terminus interaction domains could self-associate and/or interact. M -P T4, E -H T4, 
and D254-P304T4 were fused to the Gal4-activating domain and transformed individually 
into Y187. The transformed Y187 yeast was mated with the AH109 yeast strain 
expressing M1-P304T4, Q3-S183T4, or D254-P304T4 fused to the Gal4-binding domain. As 
shown in Table 1, diploid yeast cells expressing the N-terminal fragment M1-P304T4 fused 
to Gal4-AD and Gal4-BD, the ankyrin repeats fused to Gal4-AD and Gal4-BD, and the 
region downstream from the coiled-coil domain fused to Gal4-AD and Gal4-BD were 
Lepage et al. Cell Calcium (2008), Figure 4. Self-association of the third and fourth 
ankyrin repeats domain of TRPC4 in vitro. A) Representation of the various TRPC4 N-
terminus domains used in the GST pull-down and in the yeast two-hybrid assays (table 1). 
These constructions were introduced into the vectors pGADT7, pGBKT7 and/or pGEX. 
The fragments TRPC4 E87-H172 (B) and TRPC4 Q3- S183 (C), translated in vitro, were 
incubated for 1 h at room temperature with TRPC4 E87-H172 fused to GST and adsorbed to 
glutathione-Sepharose beads. GST pull-down complexes were analyzed by 16.5% Tris-
tricine gel electrophoresis, stained with Ponceau S and immunoblotted with anti-c-myc 
mouse monoclonal antibodies. 
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Lepage et al. Cell Calcium (2008), Table 1. Self-association of the ankyrin repeats 
and the region downstream of the coiled-coil domain of TRPC4. S. cerevisiae AH109 
pretransformed with the GAL4-binding domain (GAL4-BD) constructs were mated with 
the S. cerevisiae Y187 strain pretransformed with the GAL4-activating domain (GAL4-
AD) constructs. The mated clones that grew on a high stringency selective medium (-Leu, 
-Trp, -Ade, -His, + X-a-gal) at 30oC are indicated by a positive sign and mated clones 
that did not grow on high stringency selective medium are indicated by a negative sign. 
The (3-galactosidase activity, which represents the relative strength of two-hybrid 
interactions, was determined by a chemiluminescent assay for lacL reporter gene 
expression as described under "Experimental Procedures". The results (means ± SD) are 
expressed as a percentage of the self-association of M1-P304T4 and are obtained from 
three independent experiments. 
78 
Gal4-BD 
1-304T4 
3-183T4 
254-304T4 
254-304T4 
3-183T4 
Gal4-AD 
1-304T4 
87-172T4 
254-304T4 
87-172T4 
254-304T4 
Growth 
+ 
+ 
+ 
-
-
P-
galactosidase 
activity 
100% 
63.5 ±14% 
164.9 ± 29% 
ND 
ND 
Lepage et al. Cell Calcium (2008), Table 1 
79 
able to grow on high stringency medium. Diploid yeast cells expressing the region 
downstream from the coiled-coil domain and the ankyrin repeats were unable to grow on 
high stringency medium. We performed a P-galactosidase assay to quantify the stability of 
the interactions. The [3-galactosidase activity of diploid yeast cells expressing the ankyrin 
repeats fused to Gal4-AD and Gal4-BD was 63.5 ± 14% that of diploid yeast cells 
expressing M1-P304T4 fused to Gal4-AD and Gal4-BD. The (3-galactosidase activity of 
diploid yeast cells expressing the region downstream from the coiled-coil domain fused to 
Gal4-AD and Gal4-BD was 164.9 ± 29% of that of diploid yeast cells expressing M1-
P304T4 fused to Gal4-AD and Gal4-BD. These results showed that the third and fourth 
ankyrin repeats self-associate, that the region downstream from the coiled-coil domain 
also self-associates, and that the two domains do not interact with each other. 
To determine whether the TRP peptides possess the ability to self-associate, we 
also used CD with the following proviso in mind. According to the law of mass action, if 
the peptides exist in equilibrium between their monomeric state and an oligomeric state, 
increasing the total concentration of peptides should tip the balance in favor of the 
oligomeric state and the induction of a secondary structure. However, short peptides 
cannot have stable secondary or tertiary structures without being part of a stable 
quaternary structure. Figure 5A shows the far-UV CD spectra of synthetic peptides 
corresponding to 287ARLKLAIKYRQKEFVAQP304 of TRPC4 and 
363SRLKLAIKYEVKKFVAHP380 of TRPC6. These peptides were mostly unfolded 
(random coils) with a residual secondary structure (e.g., a-helix) as indicated by a typical 
negative molar ellipticity ([©]) around 222 nm. This points out to a situation where the 
Lepage et al. Cell Calcium (2008), Figure 5. Self-association of A287-P304T4 or S363-
P38°T6 peptides. A) Far-UV CD spectra of A287-P304TRPC4 peptide (closed circles) and 
S363-P380TRPC6 (open circles) recorded at neutral pH and 37°C. The concentration of the 
peptides was 100 • 10-6 M. B) Concentration dependence of the molar ellipticity at 222 
nm ([®]222) of A287-P304TRPC4 peptide (closed circles) and S363-P380TRPC6 (open 
circles) at neutral pH and 37°C. The molar ellipticity [©] was calculated as described in 
the "Experimental Procedures" section. 
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monomeric TRPC peptides are mostly unfolded when not oligomerized. On the other 
hand, if increasing the total concentration of the TRPC peptides leads to the formation of 
a quaternary structure (self-assembly), this should be accompanied by the induction of a 
secondary structure or a more negative molar ellipticity at 222 nm. As shown in Figure 
5B, the secondary structure content of both peptides increased in parallel with their 
concentration. This result is the hallmark of an auto-association process and supports our 
hypothesis that the TRP peptides are part of the self-assembly domains of the TRPC. This 
finding further indicates that the apparent oligomerization constant of these peptides lies 
in the micromolar range. 
DISCUSSION 
In a previous study, we identified two domains that are responsible for the 
oligomerization of TRPC channels (13). The first assembly domain (AD1) overlaps the 
N-terminal ankyrin repeats and the coiled-coil domain (M'-P304 T4). The second assembly 
domain (AD2) encompasses the putative pore region, including the linker between the 
fourth and fifth transmembrane segments, and the C-terminal tail (I516-L974 T4). In the 
present study, we showed that AD1 of TRPC4 forms tetramers. The present study also 
identified two inter-subunit interaction domains in the N-terminus of TRPC. The first 
interaction domain was in the third and fourth ankyrin repeats and corresponded to 
residues E87-H172 of TRPC4. The second interaction domain was downstream from the 
predicted coiled-coil domain and corresponded to residues D254_p304
 0f TRPC4. Those 
two interacting domains are also present in TRPC6. The implication of the N-termini in 
the assembly of the channel was also present in other channels structurally related to 
TRPC. As example, voltage-dependent potassium channels (Kv) (20-22), for which 
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tetramerization has been intensively studied. The crystal structures of Shaker channels, 
which are members of the Kv channel family, have also been published (23,24). An N-
terminal cytoplasmic domain (Tl, ~ 130 amino acids) recognizes members of the same 
family and prevents co-assembly with members of other Kv families. The structure of Tl 
contains four identical subunits arranged in four-fold symmetry around a centrally located 
pore as well as several interaction domains between the four subunits (24,25). The N-
termini of TRPV4, 5, and 6 play an essential role in self-assembly (26-28). Mutations of 
conserved amino acids and deletion of a part of the ankyrin repeats abolish assembly and 
result in non-functional channels. When overexpressed in Escherichia coli, the ankyrin 
repeat domains of TRPV1, TRPV2, TRPV5, and TRPV6 do not assemble to form a 
tetramer and remain monomeric in solution (29-32). However, when the ankyrin repeat 
domain of TRPV6 in mammalian cells is overexpressed, it can oligomerize and has 
dominant negative properties (33). It is likely that the assembly of the ankyrin repeat 
domains of the TRPV channels requires some cellular factors or chaperones that are 
absent in Escherichia coli (30). However, further studies are needed to identify these 
cellular factors or chaperones and their possible role in the TRPC assembly. 
A recent study by Schindl et al (34) showed that the expression of F59-S137 of 
TRPC4 and the equivalent region of TRPC5 have a dominant negative effect on TRPC4 
and TRPC5 channel activity, respectively, by reducing the formation of the TRPC channel 
complex. Based on our sequence alignment for the ankyrin repeats of TRPC (17), F59-
S137TRPC4 is the second and third ankyrin repeat in TRPC4. The third ankyrin repeat is a 
major molecular determinant for TRPC channel assembly. However, we cannot rule out 
the possibility that other determinants in the second and fourth ankyrin repeats are needed 
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to support multimerization. The presence of two interacting domains has also been 
suggested as being necessary for the assembly of TRPV6 (28). Erler et ah proposed a 
model in which the third ankyrin repeat initiates a molecular zippering process that 
proceeds past the fifth ankyrin repeat and creates an intracellular anchor that is necessary 
for functional subunit assembly. Since we showed that the N-terminus of TRPC4 
tetramerizes through the self-association of the two interaction domains, the mechanism 
by which the interaction domains of TRPCs interact to form a tetramer might also involve 
a zippering process. In this model, each of the interacting domains have the capacity to 
tetramerize. The results do not rule out the possibility of a second model, in which the 
first interaction domain is responsible for the interaction between two subunits leading to 
the formation of a dimer, while the second interaction domain is responsible for the 
association of the two other subunits with the dimer. However, further studies are required 
to validate these models. 
In summary, we showed that the N-terminus of TRPC4 forms a tetramer via the 
self-association of two interaction domains in the third and fourth ankyrin repeats and the 
region downstream from a predicted coiled-coil domain. 
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ABBREVIATIONS 
AD, Assembly Domain; [Ca2+]j, intracellular Ca2+ concentration; GAL4-AD, 
GAL4-activating domain; GAL4-BD, GAL4-binding domain; GST, glutathione S-
transferase; HA, hemagglutinin antigen; PBS, phosphate buffered salt; TRP, transient 
receptor potential; TRPC, TRP canonical; TRPV, TRP vanilloid 
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Discussion 
Les canaux TRPC sont formes de quatre sous-unites, cependant les determinants 
moleculaires qui permettent l'assemblage des quatre sous-unites ne sont pas connus. Dans 
cette etude, nous avons identifie les determinants moleculaires qui permettent 
l'assemblage des canaux TRPC et determine leur importance pour la tetramerisation du 
canal. II existe deux domaines d'assemblage chez les TRPCs que nous avons nommes 
AD1 et AD2. AD1 est localise dans le N-terminal, alors que AD2 est compose du pore et 
du C-terminal. AD1 a ete sous-divise ulterieurement en deux domaines d'interaction. Le 
premier domaine d'interaction represente la fin de TANK2 jusqu'a TANK4 (E87-
H172TRPC4) et le deuxieme domaine d'interaction correspond a une region en aval du 
domaine coiled-coil (D254-P304TRPC4). Ces deux domaines d'interaction - retrouves 
egalement chez TRPC6 - s'assemblent uniquement avec eux-memes et permettent la 
tetramerisation d'ADl. Nous avons egalement demontre qu'il existe une interaction entre 
AD1 et AD2 puisque le N- et le C-terminal de TRPC4 ou 6 s'associent. 
Les canaux potassiques voltage-dependants, Kv, possedent differents domaines 
permettant leur assemblage et ces domaines se retrouvent un peu partout dans la proteine 
puisqu'ils sont situes dans les segments transmembranaires, le N- et le C-terminal. Ceci 
est tres similaire aux domaines d'assemblage identifies chez les TRPCs qui impliquent 
aussi le N- et le C-terminal ainsi que le pore qui est constitue des segments 
transmembranaires cinq et six. En outre, un des domaines d'assemblage des canaux Kv 
situe en N-terminal, Tl, tetramerise - tout comme le domaine AD1 des TRPCs. Les 
domaines Tl et AD1 possedent chacun plus d'un domaine d'interaction qui permettent 
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l'association entre les sous-unites. Les similarites au niveau des determinants moleculaires 
permettant l'assemblage des canaux TRPC ne se limitent pas qu'aux canaux Kv. 
Recemment, plusieurs etudes ont ete publiees sur les domaines d'assemblage des TRPCs, 
des TRPVs et des TRPMs - les canaux TRPV et TRPM faisant partie de la superfamille 
des TRPs. Les resultats de ces etudes ainsi que ceux des canaux Kv sont similaires a ceux 
que nous avons obtenus pour les domaines d'assemblage des canaux TRPC. 
Tout d'abord chez les TRPCs, par des essais de double-hybride et de GST pull-down, Liu 
et al. ont demontre que TRPC1 peut oligomeriser avec TRPC3 (Liu et al. 2005). Dans ce 
contexte, le premier domaine de repetition de l'ankyrine de TRPC1 interagit avec 
l'extremite N-terminale de TRPC3. Par contre, il avait precedemment ete demontre que 
TRPC1 homo-oligomerise via son domaine coiled-coil (Engelke et al. 2002). TRPC1 
semble done contenir un domaine different pour interagir avec les membres de son sous-
groupe fonctionnel que les autres membres. Ceci suggere que chaque sous-groupe 
fonctionnel de TRPCs contient des domaines d'interaction qui leur sont propres. Dans ce 
raeme ordre d'idee, nous avons egalement retrouve une distinction entre les determinants 
moleculaires de TRPC4 et 6 puisque les deux domaines d'interaction identifies en N-
terminal de TRPC4 sont necessaires a son assemblage, alors que pour TRPC6, chaque 
domaine d'interaction est suffisant en soi pour l'assemblage du N-terminal. En bref, selon 
les etudes sur TRPC1, 3, 4 et 6, il est clairement demontre que le N-terminal des TRPCs 
est un joueur important pour l'assemblage de ces canaux. 
Chez la famille des canaux TRPV, l'extremite C-terminale de TRPV1 contient le domaine 
« TRP-like » (acides amines 684-721) qui est tres similaire au domaine TRP (contenant 
91 
25 acides amines) contenu chez les canaux TRPC et TRPM. Le domaine « TRP-like » de 
TRPV1 contient aussi une boite TRP (IWKLQR) dont les acides amines different quelque 
peu de celui retrouve chez les canaux TRPC et TRPM (EWKFAR). Des experiences de 
double-hybride et de GST pull-down ont permis d'etablir que le domaine « TRP-like » 
dans l'extremite C-terminale de TRPV1 permet l'association des sous-unites (Garcia-Sanz 
et al. 2004). Done, le domaine « TRP-like » represente le domaine d'association de 
TRPV1. Par contre, TRPV1 possede plus d'un domaine d'association puisqu'il a ete 
demontre que le domaine transmembranaire est le principal responsable de 1'assemblage 
du canal (Hellwig et al. 2005). TRPC4 et 6 possedent egalement des domaines 
d'assemblage dans le domaine transmembranaire et dans le C-terminal (AD2). D'ailleurs, 
le C-terminal des TRPCs contient un domaine TRP. Le domaine « TRP-like » etant 
important pour l'assemblage de TRPV1, il est possible que le domaine TRP en C-terminal 
des TRPCs soit implique dans l'assemblage des canaux TRPC. 
Pour TRPV4, le domaine de repetition de Fankyrine dans l'extremite N-terminale est 
necessaire a son oligomerisation comme l'ont demontre les experiences de FRET et de co-
immunoprecipitation (Arniges et al. 2006). Une stabilisation additionnelle de TRPV4 
provient des segments transmembranaires et du C-terminal (Hellwig et al. 2005). Pour 
l'assemblage fonctionnel du canal de TRPV6, il y a deux domaines d'interaction identifies 
dans l'extremite N-terminale (Erler et al. 2004). La troisieme repetition de rankyrine 
s'associe d'abord avec elle-meme suivie de la cinquieme repetition de Fankyrine qui 
s'associe aussi avec elle-meme. Cela se fait dans cet ordre chronologique tel un processus 
de fermeture eclair. Des etudes de GST pull-down et de co-immunoprecipitation ont 
demontre que le premier domaine de repetition de Fankyrine dans l'extremite N-terminale 
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de TRPV5 (acides amines 64-77) ainsi que l'extremite C-terminale (acides amines 596-
601) sont responsables de l'assemblage de TRPV5 (Chang et al. 2004). Ces deux 
domaines peuvent s'associer avec eux-memes ou entre eux (N-N, C-C ou N-C). A l'instar 
de TRPV5, nous avons aussi demontre que TRPC4 et 6 ont des interactions N-N et N-C. 
Malgre l'importance des domaines de l'ankyrine pour TRPV4, 5 et 6 dans l'assemblage 
du canal, des etudes recentes de cristallographie demontrent que les structures du domaine 
de l'ankyrine de TRPV1, 2 et 6 sont monomeriques (McCleverty et al. 2006; Jin et al 
2006; Lishko et al. 2007; Phelps et al. 2008). De plus, l'utilisation de la chromatographic 
par filtration sur gel a demontre que les domaines de l'ankyrine de TRPV1, 5 et 6 sont 
monomeriques. Par consequent, les domaines de l'ankyrine de TRPV1, 2, 5 et 6 ne 
s'assemblent pas avec eux-memes et d'autres facteurs ou regions dans le canal doivent 
s'ajouter a l'equation pour permettre l'assemblage du canal. Ces etudes recentes vont a 
l'encontre de celles qui ont ete faites precedemment. Phelps et al. (2008) justifient ces 
differences par le fait que les etudes n'utilisant pas le cristal de l'ankyrine ont cible des 
acides amines importants pour la structure de rankyrine. En mutant ou tronquant ces 
acides amines, la structure de l'ankyrine a ete affectee et par consequent, 1'interaction 
avec elle-meme ou le canal entier n'etait plus possible. Neanmoins, Phelps et al. (2008) 
concluent que le domaine de l'ankyrine peut jouer un role dans l'assemblage du canal, 
mais il n'interagit pas avec lui-meme selon les resultats de cristallographie et de 
chromatographic par filtration sur gel. Cependant, les etudes de cristallographie et de 
chromatographic par filtration sur gel ont utilise une purification des domaines d'ankyrine 
qui avaient prealablement ete exprimes dans Escherichia coli. II est possible que la 
tetramerisation du domaine de 1'ankyrine requiere des facteurs cellulaires qui sont absents 
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chez Escherichia coli. En effet, la concentration de chaperones peut etre une etape 
limitante au repliement in vivo des proteines et leur surexpression peut permettre 
d'ameliorer le repliement de ces proteines (Thomas et al. 1997). Par exemple, la co-
expression de la chaperone GroEL/ES ainsi que 1'induction d'un choc toxique par 
l'ethanol causant la synthese d'autres chaperones etaient des etapes essentielles afin 
d'ameliorer significativement le recouvrement des formes oligomeriques solubles de la 
thymidine kinase humaine 2 lorsqu'elle est purifiee dans Escherichia coli (Barroso et al. 
2003). Les etudes identifiant le domaine de l'ankyrine comme etant un domaine 
d'assemblage pour TRPV4, 5 et 6 (Chang et al. 2004; Erler et al. 2004; Hellwig et al. 
2005; Arniges et al. 2006) ont, quant a elles, ete demontrees ou principalement 
experimentees dans les cellules HEK293. 
En general, les resultats pour les domaines d'assemblage des TRPVs sont semblables a 
ceux que nous avons obtenus pour les TRPCs puisqu'ils se trouvent tant dans rankyrine 
situe dans le N-terminal que dans le C-terminal, ainsi que dans les segments 
transmembranaires. Par contre, je ne m'attends pas a ce qu'un cristal du N-terminal de 
TRPC4 vienne a l'encontre des resultats que nous avons obtenus jusqu'a present - comme 
c'est le cas pour les cristaux de l'ankyrine de TRPV1 et 6 qui sont en contradiction avec 
les travaux precedents. En effet, nous avons demontre par GST pull-down, par double-
hybride et/ou par dichroi'sme circulaire que les domaines d'interaction de l'ankyrine et de 
la region en aval du coiled-coil de TRPC4 peuvent se dimeriser. En plus, nous avons 
demontre par chromatographie de type tamis moleculaire que le N-terminal entier de 
TRPC4 se tetramerise et nous avons identifie ses formes mono-, di-, tri- et tetrameriques. 
Aucune autre forme au-dela de celle du tetramere n'a ete retrouvee. Ces differentes 
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methodes employees demontrent que le N-terminal de TRPC4 s'oligomerise. Done la 
structure du N-terminal de TRPC4 confirmera la tetramerisation de ce dernier via ses deux 
domaines d'interaction. 
Chez la famille des canaux TRPM, plusieurs etudes ont demontre 1'importance du 
domaine coiled-coil en C-terminal pour Passemblage de ces canaux. Lorsque le C-
terminal de TRPM4 est tronque, il n'y a plus de co-immunoprecipitation avec TRPM4 
entier (Launay et al. 2004). La suppression du domaine coiled-coil en C-terminal de 
TRPM2 inhibe l'interaction entre les sous-unites ainsi que l'assemblage d'un canal 
TRPM2 fonctionnel (Mei et al. 2006). Des etudes de chromatographic de type tamis 
moleculaire et de sedimentation a l'equilibre ont demontre que le domaine coiled-coil en 
C-terminal de TRPM8 tetramerise (Tsuruda et al. 2006 ; Erler et al. 2006). A l'exception 
de TRPM1, la tetramerisation du coiled-coil en C-terminal est une caracteristique des 
canaux TRPM. Le domaine coiled-coil en C-terminal n'est pas le seul joueur dans 
l'assemblage des canaux TRPM. En utilisant l'approche de chromatographic de type 
tamis moleculaire, il a ete demontre que la surexpresssion de TRPM8 sans son C-terminal 
tetramerise et qu'aucune tetramerisation n'est observee lors de la migration du N-terminal 
de TRPM8 sur un gel natif (Phelps et Gaudet, 2007). Ceci demontre Pimplication du 
domaine transmembranaire dans l'assemblage des canaux TRPM. Contrairement aux 
canaux TRPC et TRPV, le N-terminal des canaux TRPM ne contient pas de domaine de 
l'ankyrine (Venkatachalam et Montell 2007). Cela peut expliquer pourquoi le N-terminal 
des canaux TRPM ne joue pas de role dans l'assemblage des canaux TRPM. Somme 
toute, le domaine transmembranaire et le coiled-coil situe en C-terminal jouent un role 
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dans l'assemblage des canaux TRPM - tout comme le domaine d'assemblage AD2 
identifie chez les TRPCs qui correspond au pore et au C-terminal. 
En resume, toutes ces etudes demontrent que les canaux dans la superfamille des TRPs 
possedent plusieurs domaines permettant 1'assemblage de ceux-ci. On retrouve ces 
domaines d'assemblage dans le domaine transmembranaire et dans les queues 
cytosoliques ou les domaines coiled-coil et ankyrine sont impliques. Ainsi, nos resultats 
corroborent avec ceux retrouves chez les autres canaux de la superfamille TRP puisque 
nous retrouvons plus d'un domaine implique dans l'assemblage des canaux TRPC. 
Tel que mentionne dans 1'introduction, la cristallographie du canal Kvl.2 demontre que 
les quatre sous-unites de Tl sont arrangees selon un axe de symetrie quaternaire 
enveloppant un pore au centre des quatre sous-unites (Kreusch et al. 1998). Le cristal de 
Kvl.2 demontre aussi que le domaine Tl est suspendu sous le domaine transmembranaire 
et est situe directement sur l'entree du pore dans le cytoplasme (Kobertz et al. 2000; Long 
et al. 2005a et b). La structure tetramerique selon un axe de symetrie quaternaire du 
domaine d'assemblage Tl du canal Kvl.2 est retrouvee chez d'autres canaux avec une 
topologie similaire: HCN2 et TRPV1 (Zagotta et al. 2003; Garcia-Sanz et al. 2004). 
Cependant, chez ces autres canaux, le domaine d'assemblage qui tetramerise est retrouve 
en C-terminal. Malgre cette distinction dans la localisation du domaine d'assemblage, sa 
structure chez les canaux Kvl.2, HCN2 et TRPV1 est tres similaire puisqu'elle 
tetramerise selon un axe de symetrie quaternaire et est suspendue sous le pore pour 
chacun de ces canaux (Johnson et Zagotta 2005; Moiseenkova-Bell et al. 2008). Ceci 
suggere que les canaux ioniques avec une topologie similaire aux canaux Kv ont une 
96 
structure similaire de lew domaine d'assemblage, qu'il soit en N- ou en C-terminal. La 
structure de tetramere selon un axe de symetrie quaternaire pourrait etre celle adoptee par 
AD1 chez les TRPCs. 
Tout d'abord, les canaux HCN («hyperpolarization-activated, cyclic nucleotide-
modulated ») appartiennent a la superfamille des canaux actives par le voltage puisqu'ils 
sont actives par l'hyperpolarisation de la membrane (Robinson et Siegelbaum, 2003). Ce 
sont des canaux cationiques qui controlent le potentiel de repos, la transmission 
synaptique et la plasticite neuronale. De plus, ils regulent le rythme cardiaque (d'ou leur 
surnom « pacemaker »). Les canaux HCN peuvent aussi etre modules par des nucleotides 
cycliques comme cAMP («cyclic adenosine monophosphate ») et cGMP 
(«cyclic guanosine monophosphate»). Le C-terminal contient le domaine CNBD 
(« cyclic nucleotide binding domain ») ou se lient les nucleotides cycliques et une region 
« C-linker » reliant le CNBD au pore (Zagotta et al. 2003). Lorsqu'un nucleotide cyclique 
se lie au CNBD, la cinetique d'activation est deplacee a des voltages plus positifs. Par 
consequent, l'ouverture des canaux est plus rapide en presence de nucleotides cycliques. 
Chez les vertebres, il existe quatre membres dans la famille des canaux HCN (HCN1-
HCN4). Ils peuvent homo- et hetero-multimeriser, a 1'exception des canaux HCN2 et 
HCN3 qui ne peuvent former de canaux ensemble (Ulens et Tytgat 2001; Er et al. 2003; 
Altomare et al. 2003; Much et al. 2003). 
Par double-hybride, il a ete demontre que les N-terminaux des canaux HCN1 et 2 
interagissent avec eux-memes et l'un avec l'autre, alors que les C-terminaux 
n'interagissent pas ensemble (Proenza et al. 2002). Une region composee de 52 acides 
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amines precedant le premier domaine transmembranaire permet 1'interaction entre les 
sous-unites (Tran et al. 2002). Cette region est tres conservee chez tous les isoformes des 
canaux HCN. Malgre que ces resultats demontrent que le C-terminal de HCN2 n'est pas 
implique dans son assemblage, la cristallisation du C-terminal du canal HCN2 lie a cAMP 
demontre que le C-terminal tetramerise selon un axe de symetrie quaternaire (Zagotta et 
al. 2003). Le domaine du CNBD n'est pas implique dans l'interaction entre les sous-
unites, alors que la region du « C-linker » medie ces interactions. Le domaine « C-linker » 
contient six helices alpha (A' a F'). Les helices A' et B' pour chaque sous-unite 
interagissent avec les helices C et D' de la sous-unite voisine. En absence de cAMP, 
l'utilisation de la methode de sedimentation a l'equilibre demontre que le C-terminal de 
HCN2 est principalement sous sa forme monomerique, mais sa forme dimerique est 
presente aussi. La liaison du cAMP au domaine CNBD est necessaire pour permettre le 
changement conformationnel du C-terminal et ainsi former un tetramere avec un axe de 
symetrie quaternaire. Ce changement conformationnel provoque par la liaison du cAMP 
est couple a l'ouverture du canal (Wainger et al. 2001). Done, a l'instar des canaux Kv, un 
des domaines d'assemblage du canal HCN2 tetramerise selon un axe de symetrie 
quaternaire. 
En ce qui concerne le canal TRPV1, le C-terminal est compose d'un « C-linker » qui 
correspond au domaine « TRP-like » et qui precede une region regulatrice comportant le 
site de liaison au PIP2 (Prescott et Julius, 2003; Garcia-Sanz et al. 2004). Le role du PIP2 
lorsqu'il est lie a TRPV1 est controverse dans la litterature puisqu'il peut etre inhibiteur 
ou potentiateur (Chuang et al. 2001 ; Stein et al. 2006 ; Lukacs et al. 2007). Neanmoins, il 
existe des similarites entre les canaux HCN2 et TRPV1. lis contiennent tous deux des C-
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terminaux contenant un domaine de modulation (nucleotide cyclique pour les canaux 
HCN2 et PIP2 pour TRPV1) relie au pore via un « C-linker ». Le « C-linker »joue un role 
important pour 1'assemblage des canaux HCN2 et TRPV1. Ainsi, en se basant sur la 
structure du C-terminal de HCN2 (Zagotta et al. 2003), un modele moleculaire du C-
terminal de TRPV1 revele que le « C-linker » tetramerise selon un axe de symetrie 
quaternaire (Garcia-Sanz et al. 2004). Le « C-linker » medie les interactions entre les 
sous-unites, alors que la region regulatrice n'est pas impliquee dans ces interactions -
comme pour les canaux HCN2. 
A l'image des canaux Kvl.2, HCN2 et TRPV1, un des domaines d'assemblage des 
canaux TRPC, AD1, tetramerise. AD1 est localise dans le N-terminal des TRPCs. Par 
similarite avec la structure du domaine Tl des canaux Kvl.2 ou sur le « C-linker » des 
canaux HCN2 et TRPV1, mon hypothese est que le N-terminal des canaux TRPC peut 
former un tetramere selon un axe de symetrie quaternaire. Des etudes futures sur la 
structure par RMN ou une cristallographie du N-terminal des TRPCs permettront de 
confirmer ou infirmer cette hypothese. 
Un article a recemment ete publie sur les domaines d'assemblage de TRPC4 et 5 (Schindl 
et al. 2008). lis ont demontre que la region Phe59-Ser137TRPC4 ou la region equivalente 
chez TRPC5 est suffisante pour empecher la formation d'un canal TRPC et ainsi creer un 
dominant negatif de l'entree de Ca2+ via les canaux TRPC4 ou TRPC5 respectivement. 
Phe59-Ser137TRPC4 represente la premiere repetition de Pankyrine selon l'equipe de 
Schindl et al. (2008). Cependant, une analyse de la sequence en acides amines du domaine 
de l'ankyrine chez plus de 15 000 proteines demontre que la region Phe59-Ser137TRPC4 
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represente les deuxiemes et troisiemes repetitions de l'ankyrine (Lussier et al. 2005). 
Schindl et al. (2008) ont demontre que Phe59-Ser137TRPC4 constitue le determinant 
moleculaire indispensable pour l'assemblage de TRPC4. lis n'ont pas identifie d'autres 
domaines qui permettraient l'assemblage de TRPC4 ou TRPC5, mais ils n'excluent pas la 
possibilite que d'autres domaines puissent supporter la multimerisation de TRPC4 tant 
que Phe59-SerI37TRPC4 est present. 
Similairement a Schindl et al. (2008), nous avons identifie que l'ankyrine joue un role 
important pour l'assemblage du canal. Nous avons egalement identifie un deuxieme 
domaine d'interaction en N-terminal qui represente une region en aval de la region du 
coiled-coil. Ces deux domaines d'interaction en N-terminal sont necessaires pom-
stabiliser l'interaction entre les N-terminaux de TRPC4. En effet, par la methode de co-
immunoprecipitation dans les cellules HEK293T, il y a absence d'interaction entre les 
proteines chimeriques M'-H172 TPVPC4/D2 4 9-R9 3 0 TRPC6 ou M'-R270 TRPC6/S195-P304 
TRPC4/N381-R930 TRPC6 avec TRPC4 de type sauvage. Lorsque les domaines d'ankyrine 
et du coiled-coil de TRPC4 sont tous deux presents dans la proteine chimerique (M'-P304 
TRPC4/N381-R930 TRPC6), il y a une interaction avec TRPC4 de type sauvage. Ces 
resultats demontrent que les deux domaines d'interaction en N-terminal de TRPC4 sont 
necessaires pour qu'il y ait une interaction avec TRPC4. 
Les methodes de GST pull-down, de dichroi'sme circulaire et de croissance en double-
hybride ont demontre que la region en aval du coiled-coil de TRPC4 est impliquee dans 
l'assemblage de TRPC4. Par contre, la methode de quantification de l'activite de la |3-
galactosidase en levures n'a pas attribue de role a la region en aval du coiled-coil de 
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TRPC4 dans l'assemblage avec TRPC4. En effet, la proteine chimerique T64-
H248TRPC6/E173-P304TRPC4 a une activite p-galactosidase non-specifique en presence du 
N-terminal de TRPC4 (M1-P304TRPC4). Pourtant, dans le merae systeme de levures, le 
resultat de croissance en double-hybride demontre que la region en aval du coiled-coil 
(D254-P304TRPC4) interagit avec elle-meme, alors que la methode de quantification de 
l'activite de la (3-galactosidase indique que cette meme region n'interagit pas avec le N-
terminal de TRPC4. La seule difference entre ces resultats contradictoires est la presence 
de la sequence de l'ankyrine de TRPC6 dans les proteines. Par consequent, une hypothese 
est emise pour expliquer quel effet TRPC6 a pu avoir dans la proteine chimerique T64-
H248TRpc6/Ei73_p304TRpC4 fl e g t p o s s i b l e q u e l'ankyrine de TRPC6 masque le coiled-
coil de TRPC4 ou qu'il cause un encombrement sterique qui destabilise le coiled-coil de 
TRPC4 et empeche ainsi 1'interaction du coiled-coil de TRPC4 avec le N-terminal de 
TRPC4. D'un autre cote, la proteine chimerique M1-H172TRPC4/D249-P380TRPC6 a une 
activite p-galactosidase avec le N-terminal de TRPC6 (Q3-T401TRPC6) similaire au N-
terminal de TRPC6 avec lui-meme. Cela demontre que l'ankyrine de TRPC4 ne masque 
pas l'acces au coiled-coil de TRPC6 par le N-terminal de TRPC6. II doit done exister des 
differences entre les domaines d'ankyrine de TRPC4 et TRPC6. Lorsqu'on compare les 
sequences en acides amines de TRPC4 et TRPC6 au niveau de leur domaine de 
l'ankyrine, on remarque que TRPC4 possede 12 acides amines de moins que TRPC6 entre 
les ANK3 et 4. Par consequent, les repetitions de l'ANK3 et 4 de TRPC4 sont 
probablement structurellement plus proches l'une de 1'autre que les repetitions de TANK3 
et 4 de TRPC6. Cela doit affecter la structure globale de l'ankyrine pour chacun et ainsi, 
les interactions proteine-proteine subsequentes. Dans le cas de la proteine chimerique T64-
H248TRPC6/E173-P304TRPC4, la presence de ces 12 acides amines dans le domaine de 
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l'ankyrine de TRPC6 pourrait etre responsable d'un changement conformationnel de la 
proteine qui empecherait Faeces au coiled-coil par le N-terminal de TRPC4. Cependant, 
chez la proteine chimerique M1-H172TRPC4/D249-P380TRPC6, les 12 acides amines de 
moins dans le domaine de l'ankyrine de TRPC4 par rapport a ce domaine chez TRPC6 ont 
possiblement affecte la structure de la proteine, sans toutefois empecher l'acces au coiled-
coil par le N-terminal de TRPC6. 
En resume, les changements conformationnels de TRPC4 et 6 dus a leurs differences entre 
les repetitions de TANK3 et 4 sont une hypothese pour expliquer le resultat de la region 
du coiled-coil de TRPC4 n'ayant pas de role a jouer dans l'assemblage du canal lorsqu'on 
applique la methode de quantification de l'activite de la p-galactosidase en levures. 
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Conclusion et Perspectives 
Les determinants moleculaires permettant 1'assemblage des canaux TRPC n'etaient pas 
connus jusqu'a la presente etude. Nous avons identifie deux domaines d'assemblage chez 
les TRPCs qu'on a nommes AD1 et AD2. AD1 est localise dans le N-terminal des TRPCs 
et AD2 est compose du pore et du C-terminal. Une interaction entre AD1 et AD2 a ete 
demontree par l'association du N- et du C-terminal des TRPCs. Enfin, la sous-division 
d'ADl a permis d'identifier deux domaines d'interaction qui s'associent exclusivement 
avec eux-memes et permettent ainsi la tetramerisation d'ADl. 
Bien que les domaines d'assemblage aient ete identifies dans l'etude presente, la 
selectivity de 1'assemblage entre les differentes sous-families des TRPCs n'a pas ete 
expliquee. Afin d'evaluer les differences moleculaires entre les deux sous-families de 
TRPC4 et 6, des etudes de mutagenese dirigee ou de deletion pourraient etre effectuees au 
niveau de leurs domaines d'interaction en N-terminal. Ainsi, il serait possible d'identifier 
les acides amines impliques dans 1'assemblage de chacun par les methodes de dichroisme 
circulaire (perte d'oligomerisation), de GST pull-down et de double-hybride (perte 
d'interaction). 
Ensuite, quelle est la structure adoptee par les N-terminaux des TRPCs? Est-ce que les N-
terminaux tetramerisent selon un axe de symetrie quaternaire a l'instar des canaux Kv? 
Pour repondre a ces questions, des etudes de structure par RMN pourraient etre effectuees 
sur les N-terminaux de TRPC4 et 6. La structure des N-terminaux des TRPCs pourrait 
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egalement nous indiquer/confirmer les acides amines impliques dans les interactions entre 
les sous-unites. 
Enfin, dans le cadre de cette etude, nous avons focuse sur AD1. Les regions d'AD2 qui 
sont importantes pour l'assemblage du canal devront egalement etre explorees. Pour ce 
faire, des etudes de GST pull-down et de double-hybride identifieraient quelles regions de 
la queue C-terminale sont importantes pour l'assemblage des TRPCs. II serait egalement 
possible de determiner par double-hybride si ces nouveaux domaines d'interaction 
identifies en C-terminal peuvent interagir avec ceux identifies en N-terminal. Quant au 
pore - qui fait partie d'AD2, de nouvelles proteines chimeriques pourraient etre creees 
afin de determiner par co-immunoprecipitation quelles regions jouent un role dans 
1'association des sous-unites. 
L'etude approfondie des determinants moleculaires impliques dans l'assemblage des 
canaux TRPC permettra de mieux comprendre la selectivity de 1'association des TRPCs et 
consequemment, les differents canaux heteromeres natifs correspondant a differentes 
reponses fonctionnelles physiologiques. 
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